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SUMMARY 


The objective of the CRIP Plan Refinement Study has 
been to provide a thorough analysis of commuter rail 
and other feasible alternatives for transit service to 
Boston's suburbs, to determine the best alternative for 
each commuter rail corridor, and to determine whether 
and in what form the Commuter Pail Improvement Program 
should be continued. 


CTPS has analyzed different levels of commuter rail 
service and a commuter bus service with regard to fed- 
eral, state, and local policy objectives. The impacts of 
each alternative on operating costs, capital costs, rider- 
ship, revenues, traffic flow and regional economic con- 
Siderations have been estimated. Finally, recommendations 
regarding capital expenditures and service for each line 
have been made. 


EXISTING CONDITIONS © 


The commuter rail system in Boston is composed of eight 
lines and three branches, fanning out over 379 miles of 
track, 92 stations and 3 terminals in Boston. Service 
offered includes 230 trains per day into and out of 
North Station and 98 trains per day into and out of 
South Station. Almost 30,000 riders per day use the 
system (15,000 inbound boardings). Ownership of all 

of the region's commuter rail facilities has been in the 
MBTA's hands since 1976, although acquisition began in 
1973. State subsidies for service began even earlier, 
in 1965, and in 1977 equaled $26.7 million. 


The commuter rail system has lost 21 percent of its 

riders in the last ten years, during a period in which the 
equipment used to carry those passengers has continued 

to deteriorate. Yet in 1977, ridership has started to 
increase, by 2.5 percent on the Northside and by 5.2 per- 
cent on the Southside. 


Another positive development occurred in November of 
1977 in response to numerous small schedule changes made 
by the MBTA. These schedule changes were tuned to the 
needs of commuters along each commuter rail line. Such 
changes as adding only one additional train or providing 


hourly midday service resulted in net ridership in- 
creases of 11 to 56 percent in different market 


segments. 


In the market areas served by commuter rail, between 13 
and 29 percent of all commuters to downtown take the 
train to work. This is in contrast to figures from the 
early 1960s which show a range from 19 to 48 percent. 
Every market area has suffered a decline, but the most 
severe declines have been in corridors where the con- 
struction of major expressways (the Massachusetts 
Turnpike and I-93) has provided new competition. In 
areas where no new highways have been built, commuter 
rail has fared quite well. On the Shore Line market 
capture has even increased, from 24 to 27 percent over 
this time period. 


Most users of commuter rail are white collar workers who 
don't nave to take the train. Half come from families 
with two or more cars. Because of the nature of the 
service (mostly rush hour service), over 70 percent of 
all trips are work trips. 


Operation of commuter train service into Boston now costs 
the MBTA almost $35 million a year. For this amount of 
money, the MBTA carries over 15,000 round trips a day, 
collecting annual revenues of $8.2 million in 1976 
(estimated $9.0 million in 1977). 


The syStem includes 25- locomotives, only 18 of which are 
Operating on a given day; 112 coaches, only 70 of which 
are typically available for service; and 92 Budd Rail 
Diesel Cars, with 70 operating on the average. The track 
has many sections with slow orders. Some of the branches 
have maximum speeds of only 25 or 30 miles per hour. [In 
addition, numerous bridges are in need of repair, especially 
on the Eastern Route, which has four very old bridges. 
Signals on the system are antiquated and require numerous 
additional operating personnel in signal towers along 
rights-of-way. 


Clearly, many of the commuter rail facilities are not in 
very good condition. This is primarily due to the lack 

of investment in the system from the time the private 
railroads (primarily the Penn Central, its predecessors, 
and the Boston and Maine) determined that commuter services 
were losing propositions, and until the State, through 

the MBTA, purchased the facilities. Major commitments 

of funds have occurred since that time. 
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The Commuter Rail Improvement Program (CRIP) Grants 
Phases I, II, and III, as well as Economic Development 
Administration (EDA) Grants have purchased the 

lines for $60.1 million and committed $106.3 million 
to upgrading the system. Improvements are underway 

at this time including track work and upgrading of 
the equipment. 


ALTERNATIVES 


In the first phase of analysis of commuter rail improve- 
ments, four alternatives were analyzed in each commuter 
rail corridor--three levels of train service and one 

bus service. 


Each of the rail alternatives was designed to meet a 
specific criterion: Plan A--to serve as a "stop gap" 
alternative, to ensure continuation of service for 5 

to 8 more years, without making an irreversible 
commitment to commuter rail; Plan B--to make permanent 
investments in order to provide a reliable, long-life 
system; Plan C--to significantly upgrade the system 

and provide fast, frequent, reliable service throughout. 


The bus alternative was designed to provide the best 
possible bus service to the present commuter rail 

market, serving all of the riders presently served as 
efficiently as possible. Frequencies of service would 
vary significantly for the bus alternative; some stations 
would have increases, some, decreases. The net service 
change would show an increase in frequency of about 

four percent from the present commuter rail service. 
However, many areas served would have significant increases 
in travel time to downtown, due to-cthe lack of access 

to a good highway for the express buses to follow. 


METHODOLOGY 


Ridership on the commuter rail and express bus alter- 
Natives was predicted based on data from the November 

1976 commuter rail survey, the 1970 census, and various 
other specialized surveys taken within the last year. 
Incorporated into the analysis were the effects of changes 
in travel time, frequency and reliability of service, travel 
costs, and household income. Comfort (of new rolling stock, 
for example) was not incorporated, and it is expected that 
the quarantee of light and heat or air conditioning on every 
Car may increase ridership by as much as 15%. 
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Operating costs were calculated based on 1977 operations. 
Cost reductions due to expected improvements in maintenance 
and equipment utilization due to proposed improvements were 
factored into the analysis for each alternative. Capital 


costs were determined based on recent experience or on 
industry standards. 


RESULTS - SYSTEM-WIDE ANALYSIS 


Each of the improved commuter rail alternatives would 
have total operating costs quite close to the costs of 

the present system, even though each would significantly 
increase service. This is due to the fact that many of 
the proposed capital improvements help to decrease costs, 
especially maintenance and non-productive transportation 
costs. The various rail alternatives would improve rider- 
Ship, SrOm seco Cae es LAD Le ore. summarizes these results. 


Operating costs of the express bus alternative would be 

less than half of the costs of operating the present rail 
system. But these savings are not without their short- 
comings. The alternative bus system would carry less than 
two-thirds as many riders as the present rail system, and an 
even smaller percent of the number of riders than any of 

the improved rail systems would. In addition, most of 

the riders of the bus system suffer slower travel times 

to Boston due to either circuitous routes or congested 
highways. 


Plan A, which is designed to satisfy immediate improvement 
needs, would cost $53.9 million. Even thovgh the plan was 
intended to provide an additional lifetime to the present 
system of only five to eight years, those improvements 
which need to be done immediately would be longer life 
investments. Operating costs would decrease by almost 
$2.3 million, while revenues would increase by $1.4 mil- 
lion. Net cost of service per trip would decrease by 
almost 20 percent. 


Developing a system which would provide stabilized service 
for the next twenty years or more (Plan B) would attract 
an additional 4,000 patrons to commuter rail, but would 
cost almost $150 million. Due to improved equipment 

and to increased ridership, the deficit would decrease 

by almost 25 percent. 
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Restoring the commuter rail system to service levels of 
the late 1950's would cost over $330 million, but at the 
same time would increase annual revenue 81 percent, to 
$16.3 million.* This increase in revenue would be more 
than offset by increased operating costs, resulting ina 
deficit increase of three percent. Operating cost 
increases would be moderated somewhat due to elimination 
of Budd RDC's from service, and due to the reduction in 
the number of non-operating personnel (at signal towers 
and one drawbridge). 


Elimination of commuter rail service, and the substitution 
of express bus service in its Stead would provide a reduc- 
tion in costs, but it would also decrease ridership and 
revenues significantly. To operate the substitute bus 
service, the MBTA would need to purchase new buses, build 
one garage to house and maintain these buses and build or 
modify terminal facilities downtown. The total capital 
cost for this changeover would be about $31.4 million. 
Operating costs would be reduced 47 percent, to $18.1 mil- 
lion, while revenues would decrease 28 percent, to $6 mil- 
lion. As mentioned earlier, transit service would be much 
poorer for some of the present commuter rail users if they 
had to ride a bus instead. This is particularly true of 
those travelling from the North Shore (Eastern Route) and 
From the Southwest Corridor (Shore Line and Franklin 
Branch). In addition, some users would no longer have 
direct service to downtown. Instead, their fastest 
transit option would be to take a local bus to a rapid 
transit station. This is true for many of the service 
areas near commuter rail stations which are within 

Route 128, especially on inner sections of the Reading, 
Needham, and Franklin Branches and the Shore Line. 


RESULTS - LINE-BY-LINE ANALYSIS 


After costs, ridership and revenues were determined for 
each alternative on a system-wide basis, as described 
above; each commuter rail line was analyzed separately 


with regard to a series of cost-effectiveness criteria. 
A summary of this analysis is found in Table S-2. 


The results of this analysis show that there is no viable 
alternative to improved commuter rail service on at least 
four of the existing routes. On other routes, commuter bus 


service would be more cost-effective, but in varying 


*Some of this increase in revenue is due to a patronage 
shift from MBTA express buses on the North Shore to the 
Eastern Route. 


Plan A | Com- 
Present Gxleje} muter 
System Coaches) Plan B Plan C Bus 
EASTERN (incl. Gloucester Branch) 
Inbound Riders 2,250 2,620 3,190 6,860 1 M59 
NcS/trip 3633 3.06 2.20 1.70 SOAAR G6 
REV/ (OC+. 2ACC) 266 314 355 heals pie 
READING 
Inbound Riders 2,220 1,983 2.740 3,470 1,860 
NCS/trip 1.98 1.58 1.09 ee L3 0.00F 
REV/ (OC+. 2ACC) ail . 362 2451 443 .992 


NEW HAMPSHIRE (incl. Woburn Branch) 


Inbound Riders 2,140 oro LG 2,690 3,820 1,250 

NCS/trip 2.54 1.59 1.63 15565 3.05 

-REV/ (OC+. 2ACC) acpi .419 .413 .424 Ate: 

FITCHBURG 

Inbound Riders 1,600 1,890 1,980 2,340 1,360 

NCS/trip 2.55 1.38 1.45 2504 Oink 7a 
REV/OC+. 2ACC) .325 .472 . 460 $373 .615 


NORTHSIDE SYSTEM 


Inbound Riders 8,510 9000 10,600 16,490 5,880 
NCS/trip an29 2a05 evua 2°10.0 a4 
REV/ (OC+. 2ACC) PSK ey TES acts 30.2 ~429 


+ ; 
Alternatives with lowest net cost of service per trip for each line. 


Key to Abbreviations: NCS is net cost of service; REV is revenue; OC is operating 


cost; ACC is annualized (i.e. amortized) capital cost; 
,2AcC is the state and local share (20%) of ACC. 
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Plan A 


Present ("GO" muter 
System Coaches) Plan B Plan C Bus 


FRAMINGHAM 

Inbound Riders 850 1,120 b, 190 1,450 860 
NCS/trip 1.43 1.40 ge 2.85 Uae be 
REV/ (OC+. 2ACC) oe 4, 394 - 408 ~242 -478 


NEEDHAM | 

Inbound Riders 1,470 1,720 1,850 2,270 1,150 
NCS/trip 2853 3b52 2.41 2.48 0.69" 
REV/(OC+. 2ACC) 240 185 249 244 538 


FRANKLIN 
Inbound Riders 1,265 1,550 1 ,660 2,180 710 
NceS/trip 1.49 1.04 ae 1.87 5.49 
REV/ (OC+. 2ACC) roy 507 487 366 164 


SHORE LINE (incl. Stoughton Branch) 

Inbound Riders 3,260 3,810 4,030 540 2,320 
Ncs/trip 2.53 1.50 ToS ae 1.89 3.81 
REV/ (OC+. 2ACC) Toot ae As “ys is pe . 206 


SOUTHSIDE SYSTEM 
Inbound Riders 6,845 8,200 8,730 Lie ale 5,040 
NCS/trip 2.68 2.24 2.00 2.46 2.86 
REV/ (OC+. 2ACC) ya 3, 1ao9 v3a23 . 280 248 


- : . 
Alternatives with lowest net cost of service per trip for each line. 


Key_to abbreviations: NCS is net cost of service; REV is revenue; OC is 
operating cost; ACC is annualized (i.e. amortized) capital cost; .2ACC is the 
state and local share (20%) of ACC. 
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degrees. This suggests which routes should receive 
priority for investment. These cost-effectiveness measures 
not be the sole criterion for discontinuing rail service 

on any line. Economic impacts (such as jobs, develop- 
ment, and assessed deficit) and freight impacts, as 

well as other considerations, must be evaluated before 

such a decision can be made. These are discussed in the 
following section. 


Analyses show that there is no suitable alternative 

to commuter rail service on four of the existing 
corridors, the Eastern.Route (Ipswich Branch), New 
Hampshire Division, Franklin Branch, and Shore Line 

all perform best at some level of rail service. The East- 
ern Route is discussed below. This study recommends these 
lines be upgraded to Plan B levels, and that the potential 
for further improvements be explored. The New Hampshire 
Division seems to have the greatest potential for 
attracting new ridership and improved cost-efficiency. 


For the other four lines, Reading Branch, Fitchburg Division, 
Framingham Route, and Needham Branch, as wellas for the 
Gloucester Branch of the Eastern Route, analysis indicates 
that alternative service would be more cost-effective. 

On the Gloucester Branch this means a parking facility 

on the Ipswich Branch, and improved service to that 
location. Bus service seems to perform better on each 

of the other lines. Service experiments are recommended 
to confirm or refute these results. 


On the Eastern Route to Ipswich, commuter rail provides 
the only viable means of offering good public transporta- 
tion to suburbs beyond Lynn. Therefore, the line should 
be upgraded to Plan B levels or, if the Blue Line is 

not extended to Lynn, to Plan C levels. To keep the 
Gloucester Branch in service, however, requires 
significant capital investment. Further, a station in 
Beverly accessible from Route 128 could attract most 

of the present 600 riders, as well as diverting some 
travellers from their autos. Such a station facility 
should be developed immediately, while only essential 
safety improvements should be made on the branch. 
Present freight traffic on the branch is light and 
decreasing, but present shippers seem to have no 
acceptable alternative mode for shipping (due to 

present freight tariffs). 


The Reading Line has the greatest potential for operation 
of a cost-effective bus service. Operation of commuter 
rail is much more expensive than bus, though high capital 


at Se dade ee 
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investment is not required. Due to I-93 and the Orange 
Line extension to Oak Grove, ridership continues to 
decline on the Reading Line. Buses should be made 
available if ridership does not significantly reverse 
its trend when new, reliable equipment is operated on 
the line. 


No viable bus alternative is available on the Fitchburg 
Route until Alewife station on the Red Line is open. 

At that time, a more cost-effective bus service could 
be provided into Alewife. In the interim, express 
train service on the line should be tested. Also, the 
impact of the Red Line in diverting riders from the 
Fitchburg Route is difficult to estimate. Hence, 
service should be retained at least until Alewife 
Station opens, and then re-evaluated at that time. It 
is quite possible that the Porter Square Red Line/ 
commuter rail transfer station will encourage ridership, 
and merit inclusion of the Fitchburg Route in the long- 
term rail network. 


Bus service in the Framingham Line corridor can be very 
efficient, especially if provided by private carriers. 
But, as in the case of the Reading Line, very little 
capital investment is required to continue service. 

This study recommends a two-year trial period to determine 
if. improved service can make rail operations more 

viable on this line. 


For the Needham Branch, bus service performs very well 
and, in addition, bus service will be operated on this 
line during the reconstruction of the Orange Line in the 
Southwest Corridor. This bus service should be monitored 
and re-evaluated after two years of operation to determine 


if it is the most desirable long-range alternative. 


REGION-WIDE IMPACTS OF A COMPOSITE SYSTEM 


After analyzing alternative commuter service in each 
corridor, a “composite system" was analyzed in order 

to examine the impacts of the most radical possible 
change in service consistent with the findings presented 
above--in other words, the service that would result if, 
after the trial period, all of the lines being tested 
were to receive bus instead of rail service, and all 

the other lines were to receive stabilized or major 
upgraded rail service. This composite network would 
have bus service operation on the Reading and Fitchburg 
Lines to the north, and on the Framingham and Needham 
Lines on the Southside. Parking facilities near Rte. 
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128 on the Ipswich Branch would provide alternative 
service for the Gloucester Branch. This configuration 

was tested for environmental and economic impact analysis 
purposes, and does not represent a determination of policy 
on system configuration. The impacts that would be 
incurred if bus service were implemented as described 
above include impacts on access highways, on local 

streets in the vicinity of downtown terminals, and on 

the regional economy. 


The primary access highways that would be used are the 
Massachusetts Turnpike, Storrow Drive, I-93 and the 
Mystic River Bridge. Each of these has its own opera- 
tional problems, but for the most part substitute buses 
would not create a major strain on the highway system. 
The additional auto traffic resulting from present 
commuter rail users who would decide not to take the 
substitute express buses could aggravate some existing 
trouble spots, including the merge point of I-93 and the 
Mystic River Bridge. The net impact of improved rail in 
Some corridors and commuter bus in others would be little 
if any increase in traffic. “Some routes might 

suffer increases while others had decreases in traffic. 
Downtown streets in the vicinity of potential bus termi- 
nals are relatively free of congestion at this time, and 
it is not expected that substitute bus service would 
change this. However, some passengers would have to 
alight in locations other than the existing commuter rail 
terminals. The impact on each passenger would depend on 
his or her final destination. 


The full economic impacts of the elimination of commuter 
rail service are hard to determine. There are 

three types of impacts which should be considered. The 
first is the impact on land development, the second is 
the impact on freight movement, and the third is the 
impact on the MBTA deficit assessments. 


Numerous studies have shown that accessibility is 
important to economic development. Transit is one 

means of providing accessibility. Yet, there are 
numerous other factors which can have an even larger 
influence. Even so, the presence of good transit 

access to the downtown area of Boston from the suburbs, 
such as provided by commuter rail, is an important factor 
in maintaining the economic health of the regional center. 
To a lesser extent, suburban cities and towns regard the 
commuter rail stations as important to the economic 
health of their traditional local centers. Further, a 
number of apartment complexes have located on commuter 
rail lines to benefit from the accessibility afforded 

by those lines. 


Freight service is operated over many of the rights-of- 
way that also have commuter rail service. In 1976, over 
200 shippers received freight in this way (the number is 
decreasing slightly every year). If commuter rail serv- 
jce were abandonded, the B&M would be unable to continue 
providing freight service on many of these lines, since 
the MBTA is paying for maintenance of the rights-of-way 
(the B&M pays a “freight credit" for this use, but it 
does not approach the total cost of maintaining the line). 


On several of those lines where continuance of commuter 
rail service is least cost-effective, the amount of 
freight carried is small. This is true for the Needham 
and Gloucester Branches. On the Reading Line the majority 
of freight movement is directed to the Boston-Somerville 
area and only a small amount to the outer segments of 

the route. During the period of testing service on these 
lines there should be a study, in greater depth than has 
been accomplished under the scope of .thiss report, Ora tne 
significance of the commuter rail subsidy to continued 
freight operations on these lightly used segments 

on the significance of rail service to employment in 

the industries served, and on the possible need for 

and magnitude of rail freight subsidies. The 

Fitchburg route is different. It is a main freight route 
and freight service would probably continue no matter 
what happens with the commuter service. Future commuter 
rail service would have even less significance for the 
Framingham Route since it is the primary freight route 

in Massachusetts. 


In 1977 dollars, the composite system gross costs are 

19 percent lower than 1977 costs for the existing commuter 
rail system. In 1985 the estimated assessed deficit of 
the composite system would be $13.5 million, an increase 
of 31 percent over 1977 levels. The majority of the 79 
cities and. towns being assessed for this deficit would 
experience a 20 to 40 percent increase over 1977 charges. 
These figures include an annual inflation rate of about 
seven percent applied to operating costs. 


When comparing the composite system with a system that 
continues rail in all corridors, individual communities 
show varying results. AIll communities but three would 
have lower assessments with the composite system. For 
most of the inner 14 communities the savings on commuter 
rail related assessments would be nearly 50% ( due to the 
manner in which “express service" is assessed). For 
Boston the savings would appraoch $2.5 million annually. 
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Next Steps 


The conclusions and recommendations discussed above are 
spelled out more explicitly in Chapter 8 along with the 
next steps which are likely to be taken in. developing 

a policy toward commuter rail and in implementing these 
recommendations. In summary, this report has recommended, 
on the basis of a technical analysis, that substantial 
sums be invested in improving certain commuter rail 

lines and that there be a testing period for others, 

after which decisions about continued operations and 
investment should be made. This report is only one 

step in the development of a policy. Additional actions 
will need to be taken in this regard, including acceptance 
of this report as a basis for policy by MBTA and EOTC, 
aphlication for Federal capital funds by MBTA, budgetary 
actions involving MBTA, EOTC, the MBTA Advisory Board, and 
the General Court, as well as a citizen review process 
already begun through JRTC and other groups. 


1.0 INTRODUCTION 


naa 


Lote wHLolcORy, OF. ,COMMUTER.RALL 


The commuter rail network that exists in the Boston area 
in 1978 is not a monument to the foresight and careful plann- 
ing of bygone railroaders. Rather, it represents the re- 
maining elements of a patchwork quilt of rail lines that 
proliferated throughout New England as a product of the 
colorful era of railroad speculation in the region. The 
present system comprises pieces of three railroads of the 
Twentieth Century: The New York, New Haven, and Hartford; 
the New York Central; and the Boston and Maine. The first 
two lines became parties to the ill-fated Penn Central 
merger in the late 1960's. Most of the former lines of 
these railroads through the Northeast and Midwest have 
since been acquired by Conrail. The Boston and Maine is 
now bankrupt but is still a key participant in the 
provision of the commuter rail service in the Boston area. 


1.1.1 Early Development 


On most of the commuter rail system, service was at its 
maximum intensity between 1890 and 1915. During these 
years, service on each branch was operated from several 
turnback points, many of them less than ten miles from 
Boston. For a variety of reasons substantial service 
reductions on most lines began taking place even before 
World War I. 


Every decade after the 1920's saw decreases both in the 
number of trains on each route and in the number of routes 

in service. Even World War II, which resulted in substantial 
growth in mass transit ridership did not interrupt the 
overall pattern of service frequency reductions. 


Since all of the railroads were privately held and were for- 
profit organizations, they felt no commitment to retain 

their commuter rail services when they foundered. To the 
railroads,who wished to concentrate upon their more profitable 
freight operations, commuter rail services were a burdensome 
financial drain and became prime candidates for discontin- 
uance. The railroads' desire to abandon their commuter 
services complemented a variety of social changes over the 
first half of the twentieth century - changes that resulted 

in the reduction and curtailment of such service. 


The commuter lines had difficulty competing with the level 

of service and cost provided by organizations that were solely 
in the passenger transport business. The shortest routes were 
unable to match the frequencies of rapid transit lines which 


began to open in 1901. The rapid transit lines had the advan- 
tage of a large network of connecting street railway lines, most 
of which were under the same management as the rapid transit 
system. Commuter rail lines for the most part had feeder ser- 
vice only if streetcar lines happened to connect conveniently. 
All modes of public transportation were hurt by inflation re- 
sulting from the war and by increasing popularity of the auto- 
mobile during the 1920's. 


/ 
Although ridership experienced an upturn during World War II, 
it was only a temporary interruption of a long term downward 
trend. The post World War II era saw a variety of key events: 
the continued, growing popularity of the automobile; massive 
investment of public works funds in roadbuilding, including 
the Interstate Highway network; and the rapid dispersal of 
the population throughout heretofore lightly settled suburban 
areas due to the new highways and the easy availability of 
mortgage money. The net result of these events, which befell 
all types of public transportation, was a further decline in 
ridership. This decline in ridership combined with the reluc- 
tance or inability of the railroads to invest capital in 
their passenger services also contributed to a decline in the 
level of service offered by the railroads. 


A noteworthy turning point in the generally negative fore- 
going chronology was the controversy over the discontinuance 
of service on the Old Colony Lines of the New Haven Railroad 
in the late 1950's. The Old Colony Lines served 700 commuters 
per day in the South Shore suburbs of Boston. Sufficient 
public outcry occurred that the Commonwealth became involved. 
Studies were conducted, and an operating subsidy was provided. 
Although the service was ultimately abandoned due to the de- 
struction by fire of the railroad bridge over the Neponset 
River, this issue was significant for two reasons: FPrSes iit 
set the precedent for public involvement in the provision of 
rail commuter service, second, it illustrated that perhaps 
commuter lines were a useful and popular service and that con- 
tinued deterioration and abandonment of these lines was not 
necessarily a fait accompli. 


1.1.2 Development of Commuter Rail Operation Financing 


Further public involvement in commuter rail began under the 
aegis of the Mass Transportation Commission (MTC) in the 
early 1960's. The MTC conducted experiments which showed that 
commuters could be attracted back to rail service. 


A major objective in establishing the MBTA in 1964 was to pro-~ 
vide a mechanism for subsidization of commuter rail service 
until satisfactory long-term plans could be developed. The 
first subsidy contract with the Boston and Maine became effec- 
tive in 1965, and the first contract with the then New Haven 
railroad the following year. 


When the Massachusetts Bay Transportation Authority was organ- 
ized under Chapter 161A of the Acts of 1964, the General Court 
provided for an Authority managed Commuter Railroad Financial 
Assistance Program. This program consisted of equal parts of 
State funds and Authority funds. The passage of the railroad 
assistance provisions by the General Court served to forestall 
the imminent collapse of the railroad commuter service. It 

was intended to keep the service running for three years through 
1967, with 50 percent state assistance. 


In 1967 when the funds from the original program ran out, a 
new allocation was passed whichthen provided for 90% Common- 
wealth assistance. Annual allocations continued to be the 
main source of financing the commuter rail deficit until 1973. 
The crisis over whether or not the commuter rail deficit would 
be paid for was an annual event. However, the 1972 allocation 
showed some signs of an improving status for commuter tavis 
That allocation provided for 100% state financing of the de- 
icin ts 


The status of commuter rail changed significantly in 1973. 
Chapter 1140 provided for the commuter railroad subsidy to be 
integrated with the MBTA's net cost of service for all other 
transit operations, i.e., the net cost is assessed against the 
cities and towns of the MBTA district except to the extent 

that these costs are reduced by state and federal aid. Another 
effect of Chapter 1140 was that commuter railroad operations 
are no longer treated as a separate service for funding the net 
costs of operation. Thus, all communities which have railroad 
service are treated the same as all other communities in the 
MBTA district. The Commuter Rail Department of the MBTA was 
formed in 1974 to complete the integration of commuter rail into 
the Authority. 


The service continued to be operated by the Boston and Maine and 
the Penn Central until April of 1976 when ConRail was formed* 
and thereby assumed all of the former Penn Central commuter op- 


erations. In March of 1976, the Authority executed a new five- 
year contract with the Boston and Maine for operation of the 
region's Northside services, effective January l, ac iy bel SES 


March of 1977, the Authority executed a similar contract with 

the B & M for operation of the Southside services, effective 
March 13, 1977 and ending coterminous with the five-year contract 
mentioned above. The Authority had become dissatisfied with the 
former operator, Conrail, for what it considers were excessive 


operating cost estimates and unresponsiveness to local service 
needs and problems. 


During this time, various Federal programs also were initiated 
to help pay some of the costs of transit deficits. The one most 


lee 
*¥ As established in the Regional Rail Reorganization Act of uli Tey oo te 


significant to commuter rail in Boston* provided for trans- 
jtional, diminishing subsidies for commuter services operated 

by ConRail from 1976 to 1980 (originally 1978). A similar act 
provided equity for B&M operated services. In addition to these 
direct commuter rail subsidies, UMTA has provided general oper- 
ating assistance to the MBTA, and hence a share of those funds 
help to support commuter ral. 


Table 1-1 shows the trend in subsidies, provided for commuter 
rail services in Boston. Also shown in the table are the 
various legislative acts which have provided these funds. 


1.1.3 Acquisition of, and Capital Improvements to Commuter 
Rail Facilities 


The first mention of plans to acquire commuter rail rights= 
of-way was in the 1966 Program for Mass Transportation, though 
this report recommended conversion Of numerous lines to rapid 
transit service. However, more recent plans have been oriented 
towards upgrading the rights-of-way for improved commuter 

rail service. 


The upgrading of commuter rail began in January of 1973 when 
UMTA approved an Advance Land Acquisition Loan to purchase 

145 miles of Penn Central right-of-way. A capital grant in 

June 1973 enabled the MBTA to purchase the Reading Branch. 

The CRIP I Capital Grant in July 1975 and CRIP If Capital 

Grant in October 1976 provided for purchase of the Franklin 
Branch and 270 route miles of B&M right-of-way. With conveyance 
of all of these properties to the MBTA, over 440 route-miles of 
right-of-way had become available for upgrading with public 
financing. 


CRTD. 1 wand. CRiPig bea SO provided for the purchase of over 210 
units of Penn Central and B&M commuter service rolling stock, 
and for the first steps in upgrading the rights-of-way and 
rolling stock. Under these grants, some track work, rolling 
stock refurbishment and rolling stock purchases have already 
been performed or contracted for. The CRIP Iil grant which 
was recently approved provides additional money for track- 
work and for the purchase of equipment, as well as money for 
design and engineering of a new bridge (to replace Draw 7) 
and a new maintenance facility on the Southside. 


This acquisition and improvement program has been underway 
for over four years and has resulted in the commitment of 
significant amounts of funds by the Commonwealth and the 
MBTA. Over $60 million have been spent to purchase the 
system and over $106 million have been committed to upgrading 
the system. Table 1-2 shows the sources of these funds. 


If commuter rail is to become a reliable, and efficient service 
to Boston's suburbs, upwards of 200 million to 300 million 
additional dollars must be spent to upgrade the system. 


i 
¥F Section 1? of the UMTA Act of 1964 as amended by the Railroad 
Revitalization and Regulatory Reform Act of 1976. 
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Note: This amount (Loan Retirement) 
prevent double-counting. 


Date 


Jan? Jo 
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Spee k Gris 


Oct'76 


‘Seger? vie 


Sep'77 


May'78 


Sep'78 


PURPOSE OF GRANT 


Purchase 


19,500,000 


250,000 


2A ail 2 72139 


16 7L77 7200 


Neen ee 


60,100,000 


ES 


60,100,000 


Loan 


Retirement 


(297,750) 


———— TS —* 


(1,290,250) 


CAPITAL GRANTS AND LOANS TO 


MBTA ComMUTER RAIL SYSTEM 


Improvement 


1273915590 


832,212 


41,411,200 
2,500,000 
2372, 8a 


25,000,000 


—$——_———— TT 


105 - 838,789 
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105,838,787 


Total 


19,500,000 


13,634,000 


832,212 


24,172,750 


57,886,000 


2,500,000 


2350 2287 2 


25,000,000 


167,229,837 


(1,290,250 


165,938,787 


is subtracted from total to 


TABLE 


1.2 OBJECTIVES OF -THE STUDY 


The aforementioned CRIP I and CRIP II Capital Grants have 
provided funds for the purchase of Boston's railroad 
facilities and for some desparately needed upgradings. 
However, a comprehensive plan for the long term future of 
commuter rail has not been developed even though various 
policies have provided for the continuation of commuter 

rail service. Before further commitments could be made to 
commuter rail it became necessary to develop a cohesive policy 
towards commuter rail and its alternatives, and to develop 

a long-range plan and program. 


The objective of the CRIP Plan Refinement Study has 

been to provide a thorough analysis of commuter rail and 
other feasible alternatives for transit service to 
Boston's suburbs, to determine the best alternative for 
each commuter rail corridor, and to determine whether 
and in what form the Commuter Rail Improvement Program 
should be continued. 


The long-range plan to be set forth provides a context 

in which UMTA can evaluate various capital grant applications 
is consistent with the Federal Transportation Improvement 
Program (TIP) and the state Program for Mass Transportation 
(PMT), and provides the basis for various programming 

and operating decisions within the MBTA. 


1.3 CONTENTS OF THE REPORT 


Chapter 2 -- provides an outline of the policies which have 
affected the development of Commuter Rail Improvement Program 
and a summary of other issues and objectives at the Local, 
state and federal level affecting the analysis of the commuter 
rail alternatives. 


Chapter 3-- describes the existing commuter rail system 
including costs, ridership, revenues, service and equipment 
characteristics and local deficit assessment. 


Chapter 4 -- describes the four alternatives designed £Oor-cnrs 
analysis 1) a limited investment system (Plan A), 2) a stab- 
ilized system (Plan B), 3) a major restoration system (Plan C), 
and 4) a commuter bus service system. 


Chapter 5 -- analyzes the alternatives on the basis of costs, 
levels of service, projected ridership, and revenues. 


Chapter 6 -- analyzes each alternative, on a line-by-line basis, 
and determines the most cost-effective system for each line 
Chapter 7 -- analyzes the impact of a "composite system" on 
regional economics, on the environment, and on special needs 
populations. 


Chapter 8 -- presents the findings and recommendations of the 
study, provides a framework for proposed service experiments, 
and outlines the next steps required for implementation. 
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2.0 POLICY CONTEXT OF THE COMMUTER RAIL IMPROVEMENT PROGRAM 


Today's commuter rail system is not the result of a careful 
implementation of public policy. Rather, it is the remains 
of a system that was built by competing private enterprises, 
run for whatever profit there might be, then slowly abandoned 
to public custody. This chapter reviews the various studies 
and plans that have developed into the present regional 
policy towards commuter rail. 


2.1 PREVIOUS STUDIES AND PLANS 


While there was some early regulation of the private rail- 
roads, the need for a public policy toward passenger rail- 
road service did not arise until the economic failure of 
passenger rail service was imminent after World War II. 

It was at this time that the New Haven and Old Colony Rail- 
roads, filing for reorganization under bankruptcy laws, 
sought to discontinue passenger service on the Old Colony 
Division, the most heavily used passenger rail line in the 


Boston area. Eventual discontinuance of other lines 
seemed inevitable. 


The Metropolitan Transit Recess Commission, appointed by the 
legislature to study rapid transit in the Boston area, 

stated in its April, 1945 report: "There is no reliable in- 
dication that the steam roads will have a place in the improved 
suburban transportation so vital in the postwar period," 
except that the railroad rights of way would be used. The 
commission stated it was "inadvisable to depend on the commu- 
tation services of the railroads in the future" and that 

the railroads should be restricted to providing long-haul 
passenger and essential freight service, with metropolitan 
commutation to be provided by an expanded rapid transit system. 


As a result of the Recess Commission reports, plans were 
begun or advanced for replacing railroad service with rapid 
transit lines. The Boston, Revere and Lynn narrow-gauge 
railway, abandoned in 1940, was replaced in part by rapid 
transit by 1954. The New York Central's Highland Branch 
through Newton was replaced by a rapid transit line (using 
PCC streetcars) in 1959. Plans were developed for the 
electrification of the Old Colony Division to Braintree, 
which was eventually abandoned in 1959 after several years 
of declining revenues and a brief period of state subsidy. 


A new commission appointed in 1957 to examine metropolitan 
transportation problems held fourteen meetings to air the 
problem, and reported in January of 1958 that further work 
should be done to extend rapid transit out over railroad 
rights of way, while retaining freight service at night. 

It was thought that this would relieve the railroads of an 
unwanted burden, and would increase net revenues for the MTA. 
The report also cited the increased pressure for additional 
superhighways, and the inability of downtown Boston to | 
handle additional "“rubber-tired" traffic, including addi- 
tional bus traffic, which would be caused by replacing rail- 
road service with bus routes. 


In 1959, the legislature appointed a Mass Transportation Com- 
mission to study improvements to the facilities and manage- 
ment organization of mass transportation in the Boston region. 
Sufficient funds were provided to hire planning and engin- 
eering consultants and other staff. A major part of the MTC's 
work included a demonstration of service and fare changes on 
the commuter rail system. This demonstration showed that 
service changes (frequency, etc.) can significantly improve 
patronage on the commuter rail system, while moderate fare 
increases would have little negative effect on ridership. 
Another product of the MTC studies was new legislation 
creating in 1964 the Massachusetts Bay Transportation Authority 
to replace the Metropolitan Transit Authority. The MBTA was 
given new powers, including authorization to subsidize 
commuter rail service, with $10 million provided over three. 
years for this purpose. One of the goals of the subsidy was 
to keep the commuter rail lines operating long enough to re- 
place some of them with rapid transit lines, but the MBTA 

was given the option to select which commuter rail lines 
would be kept open. 


The MBTA, in accordance with its original mandate, produced 

a Program for Mass Transportation in 1966. The program 
described a list of "Action Projects" which would substantially 
upgrade and extend the rapid transit system. Many of these 
projects--the extension of the Red Line south to Weymouth, 

the extension of the Orange Line north to Oak Grove, and the 
extension of the Green Line north to Washington Street in 
Somerville, and the extension of the Orange Line southwest 

to West Roxbury --would use existing or abandoned railroad 
rights of way, replacing commuter service on all or parts of 
those lines. Significantly, however, the program called for 
the retention, for the time being anyway, of the remainder 

of the commuter rail system. In some cases, this service would 
end at a suburban rapid transit station, requiring a transfer 
at that point to rapid transit. The integration of commuter 
rail service into the rapid transit system, rather than re- 
placement by rapid transit, marked a new policy toward commuter 
railroads. However, the program recognized that any long- 

term resolution of the commuter rail service issue would have 
to wait for such other events as the reorganization of North- 
east railroads being considered at the time, and proposed neg- 
otiations for purchase of railroad rights of way and equipment. 


In hopes of resolving the open questions on suburban service, 
the legislature in 1968 directed the MBTA to submit to the 
MBTA Advisory Board an analysis of at least three alternative 
programs for providing service to the communities served by 
commuter railroads. The MBTA submitted these three pro- 
grams and its recommendation in January of 1969. The MBTA 
recommended Plan C which would operate a combination of rail- 
road and bus service, with contract railroad service cut 

back to the area within Route 128. 


The recommendation was a departure from previous policy. 
Whereas previously the role of commuter rail had been to 

serve the outer suburbs with long, line-haul runs, the new 
policy seemed to be to have the railroads operate in the rapid 
transit service area, with buses to handle the suburban 
communities. The new policy was not well received; the Advisory 
Board refused to endorse the recommended program. A special 
comission appointed by the Governor to study the finances and 
organization of the MBTA reported in July, 1969 that it en- 
dorsed a full-commuter rail system, except for the Reading and 
Needham lines which were to be replaced by rapid transit. 


Other plans and studies were not so clear in their treatment 

of commuter rail. The Eastern Massachusetts Regional Planning 
Project (EMRPP) recommended only that commuter rail service 

be continued under subsidy until final plans were formulated. 

A 1969 MBTA study examined the feasibility of dual-powered rail 
vehicles for use on commuter rail lines. 


The Governor's transportation restudy project--the Boston 
Transportation Planning Review--further examined commuter rail 
and in Governor Sargent's policy statement in November, 1972, 
recommended, a $70 million dollar program to modernize and up- 
grade the commuter rail system. In this speech, the governor 
Stated that transit would take on a larger role in providing 
transportation in the metropolitan area, and improved commuter 
rail would be part of that transit system. 


At approximately the same time, Thomas K. Dyer, Inc. completed 
for the MBTA a "Plan for Acquisition and Use of Railroad Rights 
of Way". This report recommended the acquisition of railroad 
rights of way in the metropolitan area and again recommended 
dual-powered vehicles, a concept which has made little progress. 
The recommendations on acquisition of rights-of-way, however, 
assisted in the acquisition of Penn Central properties in 1973 
and Boston and Maine properties in 1976. 


Since 1972, transportation planning in the Boston Region has 
been conducted through a continuing, comprehensive process 

in a cooperative manner by the various transportation agencies. 
This "3C" process has resulted in an annual updating of trans- 
portation plans, including plans for improvement to the commuter 
rail system. The first such program, the 1973 Five Year Tran- 
sit Development Program, included $50 million for right-of-way 


acquisition and $90 million for upgrading of the commuter rail 
system. At that time, the commuter rail program included the 
electrification of several routes as recommended by the Dyer 
report, in addition to track, roadbed, station, parking, and 
maintenance facilities. 


The 1974 Transit Development Program included $100 million for 
commuter rail improvements over a 10 year period, although this 
amount excluded lines that were to be electrified and integrated 
into the rapid transit network. Instead, these electrification 
projects were included on their own. The 1975 and 1976 Transit 
Development Programs included approximately $100 million in 
commuter rail improvements, with two specific projects singled 
out: $13.6 million for improvements on the Franklin Branch, and 
an unspecified amount (which later turned out to be $39.6 millio! 
for purchase of the B&M rights of way and equipment. These 
Transit Development Programs received extensive agency and publi 
review, as the product of the cooperative planning process, indi- 
Cating that public policy was to retain an improve commuter rail 
service as part of the public transportation system in the 
Metropolitan area. 


During this time, the MBTA continued to work on specific el- 
ements to be included in the Commuter Rail Improvement Program. 
This effort resulted in the CRIP I application (improvements 

to the Franklin Branch), approved by UMTA in 1975. An engin- 
eering report issued in 1976 detailed $283 million in commuter 
rail improvements necessary to bring the system into maximum 


operating efficiency. This program represented a major in- 
crease in the level of investment in commuter rail. 


The $283 million program (which was in addition to the 
$13.6 million already approved) was fully analyzed for the 
Draft 1977 Program for Mass Transportation and the Technical 
Supplement to the PMT. This analysis included an examination 
of alternative suburban service, and eventually resulted in 
the inclusion of the full project in the 1977, PMY a motes 
document was drafted by the Executive Office of Transporta- 
tion and Construction and received extensive public review. 
The document has been prepared with the cooperation and 
review of the Transit Development Committee of the Advisory 
Board. The document was submitted for final action by the 
Advisory Board on November 27, 1978. 


The 1977 Transportation Improvement Program (the multi-modal 
successor to the Transit Development Program) followed the 
analysis of the 1977 PMT and included the full upgrading pro- 
gram to be funded over a ten-year period... In October..19/6,..4 
$57.9 million CRIP II application had been approved by UMTA. 
The 1977 TIP was endorsed by the major transportation agencies 
acting as the Metropolitan Planning Organization, and is recog- 
nized by the Urban Mass Transportation Administration as the 
officially endorsed transportation program for the Boston regio! 


2.2.4. CURRENG POLULCY: 
2.2.1 Policy Towards Commuter Rail 


The current policy toward the commuter railroad system is 
contained in the reports and planning documents which establish 
the program for transportation improvements in the Boston 
region. The most important of these documents are the 
Transportation Improvement Program, revised annually, and the 
Program for Mass Transportation (PMT), revised in UO 7S.2 


One tenet of this policy is that the commuter railroad system 
is a valuable physical resource that should not be allowed to 
deteriorate any further. It would be prohibitively expensive 
and disruptive to acquire rights-of-way comparable to those 
which now exist on this system. In the recent past, these 
rights-of-way have been underutilized because service levels 
and equipment have deteriorated. 


Secondly, transportation decisions of the past eight years 
have steered the Boston Metropolitan Area away from a reliance 
on the automobile and toward an increased use of public 
transportation; away from dispersed activity, and toward 
concentration of activity in the regional core. The decisions 
not to build additional expressways within Route 128 and to 
limit parking in core areas mean that the highway system 
Cannot accomodate any growth in suburb-to-core traffic. This 
growth will have to occur on the public transportation system. 
At the same time, the decreasing availability and increasing 
price of gasoline will make automobile travel less attractive 
to the commuter. 


Thirdly, there is a new awareness of the need to integrate 
transportation facilities and modes in order to get the most 
out of each. In this light, the commuter rail system is seen 
as a complement to the rapid transit and bus and highway net- 
works, rather than as a competitor with them. Studies, such 
as the 1977 Technical Supplement to the PMT, have shown that, 
for certain geographic markets, upgraded commuter rail service 
can be provided at less cost than rapid transit and more 
effectively than bus service. It is clear that each of these 
modes plays an important role in the transportation system. 


These factors have resulted in a public policy favoring sig- 
nificant investment in the commuter rail system to modernize 
it and make it as efficient as possible. This investment is 
intended to increase ridership and to reduce the per-rider 
operating costs of the system. 


2.2, 2 eeoucner Regional Policies 


The primary goal of the Commuter Rail Improvement Program 
is to upgrade the quality of service and at the same time con- 
trol the costs of providing service. This goal involves both 


the maintenance and improvement of existing facilities. 
Such measures would help to ensure the efficient operation 
and stability of service as well as increasing the comfort, 
convenience and reliability of the existing system. These 
actions would help the system retain present riders and 
encourage new riders in commuter rail market areas. 


Other objectives relate to social and environmental concerns. 
The commuter rail program seeks to comply with federal 
environmental regulations. It also will endeavor to. intro= 
duce the use of energy conservation measures as well as to 
facilitate the use of the system for those individuals with 


limited mobility. 


The commuter rail system can also have a positive impact on 
the region's economic well being. Improvements to the system 
would reinforce the attractiveness of the core area for 
development and promote the growth or redevelopment of 

other activity centers in the service area. Furthermore, the 
use of rail rights-of-way by both freight and commuter service 
indicates that a mutually beneficial relationship between the 
two would enhance the region's economic vitality. 


2.2.3 New Emphasis in Policy 


To this date, the Authority has invested about 100 million 
dollars in the Boston Region's commuter rail system. The 
commitment to retaining and improving the commuter rail 
network is clear, backed by obvious fiscal action... "Tna,/CRIP 
Plan Refinement Study represents by far the most thorough 
and sophisticated attempt to forecast the system-wide 
financial demands inherent in a permanent commitment to 
commuter rail. The capital cost inventory undertaken as 
particoGaer sangG Was compiled with the technical input of a 
wide variety of specific consultant and in-house project 
development efforts. The scale of investment implied in 
"Dlan C," when viewed in the context of limited foreseeable 
capital resources, mandates a new policy context for commuter 
rail investment: resources must now be carefully allocated 
among condidate investments. 


Up to the present time, the Authority and the Commonwealth 
have been able to make investments which are essentially 
defensive in nature - the rights of way had to be purchased 
to be preserved, emergency up-grading had to be accomplished 
in order to continue service, rolling stock had to be replaced 
in order to have any vehicles whatsoever. These types of in- 
vestments were not particularly appropriate for detailed 
alternatives analysis - having appeared as a string of fiscal 
emergencies. The majority of investments to this point, such 
as right of way purchases, emergency upgradings, and rolling 
Stock have been consistent with all proposed long-term rail 
configurations. The program has now reached a juncture where 
careful allocation of resources must take place among project 
alternatives. This volume, the CRIP Plan Refinement Study, 


sees 


fully acknowledges that reality. 


The technical work accomplished to date makes it clear 

that all lines are not equally suited for improvement 

through capital investment. The structure of this study 

has been designed to reveal differing levels of improvement 
stemming from differing levels of capital investment. The 
need for substantial capital improvements to the Eastern 

Route (e.g. Plan C data) can be contrasted with the case of 
the Framingham Line, where policy questions focus on operating 
rather than capital issues. Given these facts, the allocation 
of scarce capital resources over the separate elements of the 
system must be guided by careful technical analysis of the 
foreseeable impacts of the investment. 


A program which until now has been aimed at general survival 
and emergency reconstruction must now be refocused to become 
a program which makes investments prioritized by their 
cost=effectiveness. A program of providing equal capital 
treatment to all lines can be shown to be less cost-effective 
than a program which concentrates capital resources where they 
will have the most beneficial impact. - The CRIP Plan Refine- 
ment Study has been created as a first step in this capital 
DrLorveization erttort . 


The detailed costing effort undertaken in the analysis of 

Plan C emphasizes one other aspect of a new policy context-— 
the necessity of concentrating efforts on existing services 
and existing markets. Capital is scarce, and the requirements 
for upgrading the existing system are of such a scale that 
serious contemplation of possible service extensions must be 
delayed unless sources of capital can be found which are not 
available for other MBTA projects. Further, the MBTA's 
commuter rail rolling stock is aged, and new equipment will 
not be available as rapidly as once expected. 


This policy does not rule out the possibility of some addi- 
tional services being added over the next few years. Rather, 

it is an acknowledgement of the reality that such a service 

will have to be proven effective in a capital evaluation cli- 
mate where the back-log of desirable projects is already 
considerable, and the competition among projects for limited 
capital funds is severe. Candidate projects for system expansion 
during the next five years will have to be analyzed in this 
eritiecad Trant: 


Along with the evolution of new policies for commuter rail, 
the evolving difficulties with committed rapid transit ex- 
tensions places an increasing emphasis on commuter rail. Even 
though it was at one time the MBTA's policy to extend rapid 
transit to Route 128 in almost all corridors, the escalating 
costs, the decreasing availability of funds for additional 


major rapid transit extensions, and the community response to 
the potential for rapid transit have encouraged the MBTA to 
seek other means of providing effective suburban service. 


Commuter rail and, in some cases, commuter bus fit well into 
this evolving scenario. 


3.0 EXISTING CONDITIONS 


3.1 SUMMARY 


This chapter describes the existing conditions on the 
commuter rail system as of January 1977 and the trends of 
the past 10 years that have brought the system to that 
point. 


Between 1966 and 1976, the number of passengers carried by 

the Northside Lines* decreased by 33 percent, from 6.78 to 4.54 
million, and the number carried by the Southside Lines* 
increased by eight percent, from 2.10 to 3.02 million, 
resulting in a 21 percent system-wide decrease in the number 
of passengers carried. With the exception of the Fitchburg 
Line, where ridership increased by three percent, from 768,000 
to 794,000, all Northside Lines experienced a decrease in 
riders. However, passenger volumes of each of the Southside 
bines remained fairly stable. The Franklin Branch, which 
experienced a 32 percent increase, from 428,000 to 565,000, 
was the only exception. The results in 1977 have shown a 
reversal of this decline. On the Northside, ridership for 

the year was up 2.5 percent, and on the Southside it was 

up 5.2 percent. The number of passengers carried systemwide 
increased by 250,000, or 3 percent. 


Market size and market capture varied significantly by 

line in the period from 1963 to 1976. The change in total 
number of work trips to downtown from the market area of 
each line ranged between an increase of 2510 trips in the 
New Hampshire Division market area (from 4460 to 6970 trips) 
and a decrease of 163 trips in the Reading Branch market 
area (from 6783 to 6620 trips). In terms of the ability to 
capture these trips, the Boston & Providence and Stoughton 
Branch were the most successful, showing an increase of 220 
trips. The New Hampshire Division was the least successful 
in terms of market share, capturing 27 percent less of its 
market in 1976 than in 1963 (752 fewer trips). (The 27 per- 
cent decrease in market capture does not mean a decrease of 
27 percent in the number of commuter rail riders, Since the 
total market increased by 56 percent.) The Reading Line 
experienced the largest actual decrease in trips captured, 
from 2917 trips in 1963 to 1390 trips in 1976 (a decrease 
Of 1527)s. 


sai aca ll ns a Be Le a wn no a 
¥ "Northside" and “Southside” refer to all lines terminating 
at North Station and South Station, respectively. 


The vast majority of trips on the commuter rail system are 

work trips made on a daily basis by non-captive white collar 
workers whose destinations are in the financial/retail district. 
In 1976, 70 percent and 80 percent of all trips were work 

trips on the Northside and Southside. Forty-eight percent 

of Northside riders and 53 percent of Southside riders live 

in households that own two or more cars (only seven percent 

of Northside and three percent of Southside riders belong to 
households which own no autos at all). 


Twenty-eight communities account for 86 percent of the North- 
side riders, and eight of these account for over Nate. son 
the Southside, 25 communities contain 92 percent of the 
riders, while eight alone account for over half of the riders. 


The most frequent Northside service is provided on the inner 
portions of the Eastern Route and the New Hampshire Division. 
The most frequent Southside service (both peak and all day) 
is provided at Route 128 and Canton Junction stations on 

the Shore Line. The system-wide average trip length is 16.7 
miles. 


At the present time, there are eleven lines and branches with 
a totalvofia7923 milessofetrack.(201.8 coad Miles), and 77 
stations. Maintenance activities are performed in four 
different locations. The presently operated rolling stock 
includes 25 locomotives, 112 coaches and 92 Budd cars (self- 
propelled "RDC's"). 


3.2 RIDERSHIP 


a hag System-wide Trends 


Total passengers carried on the Northside (Boston & Maine) 
and Southside (Penn Central/ConRail) commuter rail services 
for the years 1966-1976 are shown To PLoUuLe ss vee 

this period, Northside services exhibited a decrease in 
passengers of 31 percent, from a 6.6 million to 4.5 million, 
while Southside services exhibited an increase in passengers 
of 3.8 percent, from 2.6 million to 2.7 million; the 
assumption of the Framingham service of the Penn Central 

by the MBTA in 1974 (at that time the service went to 
Worcester) adds another 0.3 million to the Southside totals. 
Some of the decrease in Northside ridership can be attributed 
to the elimination of service to several communities 

since 1975. 


On the Northside services, ridership decreased by 63 per- 
cent (from 18 million to 6.6 million riders annually) from 
1950 to 1966. Over that period, the Southside ridership 
decreased by 70 percent (from 15 million to 4.5 million). 
These estimated figures include inter-city trips which were 
much more frequent in 1950 than in 1966. The l0-year trend 
of declining commuter rail ridership has been reversed 
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over 1977, particularly on the Northside, where there has 
been a resurgence in ridership. Table 3-l shows these 
trends. Prior to 1972, ridership had been declining steadily 
both on the Northside and Southside commuter rail lines. 
This decline had continued, though to a lesser degree, on 
the Northside, while on the Southside patronage began to 
increase annually with the most dramatic increase occurring 
in 1973, the year of the energy crisis. The continued 
growth trend on the Southside* has resulted in a 4.3 percent 
increase in total ridership in 1976 and a 5.2 percent 
increase in 1977. 


3.2.2 Line Volumes 


Line-by-line passenger volumes for the commuter rail service 
in the Boston area are shown in Figure 3-2. As was mentioned 
earlier in this chapter, Northside ridership for the period 
1966-1976 generally declined. All Northside lines experienced 
a decrease in ridership, with the exception of the Fitchburg 
Line, which experienced an increase of 3.3 percent over the 
period 1966-1976. The decreases by line for that period 
were as follows: Eastern -- 19 percent, New Hampshire -- 28 
percent, Reading -- 40 percent. Part of this decline can 

be attributed to the steady deterioration of the physical 
plant and to the decrease in service. Competition from 

I-93 and from the Haymarket North extension of the Orange 
Line also played a major role. Over the last four years, 
with the exception of energy-plagued 1973, total ridership 
on the Northside continued to fall off annually until LOd7, 
which has seen a 2.5 percent increase in ridership through 
November; the Eastern and Fitchburg rail lines showed in- 
creases of 11.6 and 3.0 percent, respectively. This 
reversal is quite significant in view of the 10.2 percent 
drop in ridership that occurred during the previous year. 
Ridership has continued to fall on the Reading and- New 
Hampshire lines during 1977, but the rates of decline have 
diminished considerably from those of 1976. 


By contrast, passenger volumes on Southside Lines were 
generally stable over the period 1966-1976. The Franklin 
Branch experienced an increase in passenger volume of 32 
percent over that period, the largest increase of any single 
line. Changes on other lines during this period were as 
follows: Providence -- no change, Needham -- 6.6 percent, 
Stoughton -- 16 percent. Data for the Framingham Line were 
not included since the 1976 information was the first full 
year of ridership data available form this. lane. 


EL  ——— . 

¥The Southside data does not include cash fares; estimates 
of the number of cash fares run as high as 20 percent of 
the total. 
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TEN-YEAR RIDERSHIP TRENDS, BY LINE 


The individual Southside rail lines have all shared in the 
recent growth trend, with the exception of the Needham Line, 
which was down 0.5 percent in 1976 and has dipped another 
3.2 percent during the first eleven months of 1977. 


3.2.3 Distribution of Inbound Boardings by Station | 


Inbound boardings by commuter rail station were examined for 
November 1976, the date of the comprehensive survey of 
commuter rail users. The results of this analysis are 
depicted in Figure 3-3. 


As can be seen in the Figure, there is a wide variability 

in boardings by station, even along the same line. Out of 

44 Northside stations, there are five stations where more 
than 300 patrons board daily, and there are twelve 

stations that are used by less than 25 riders per day. These 
differences are largely explainable by differences in parking 
supply, availability of alternative modes, and station 
accessibility. 


Average weekday boardings for the Southside service are also 
depicted in Figure 3-3. Out of a total of 41 Southside 
stations, eight stations had more than 300 weekday boardings. 
Excluding Worcester (where service is no longer offered), 
only five of the recorded stations had less than 25 boardings. 


In summary, recent growth in ridership of 5.2 percent on 
the Southside and 2.5 percent on the Northside seem to 
indicate a turnaround in the response of the public toward 
commuter rail service. 


3.2.4 Impacts of Service Improvements 


Several schedule changes were initiated on October 31, ED ea, 
improving service on the Framingham, Franklin, Stoughton and 
Fitchburg commuter rail lines. In one form or another, 
these changes consisted of extended service periods (peak 

or off-peak), reduced headways during the current service 
period, and reduced headways along with improved travel 
times. Table 3-2 shows the results of these improvements. 


Of the three types of service changes, added service at a 
time outside the then existing hours of service elicited 
greatest response in terms of new ridership (Stoughton). 
Apparently the earlier peak hour departure time proved more 
convenient for many who previously opted for other modes 
rather than wait for a later train. Other peak hour improve- 
ments (in headways and travel times) showed some gains; 
however, expanding the time period of service at the peak 
hour proved to have the most significant impact. ‘The 
following examines the impacts line by line. 
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Ridership changes were computed in terms of percent change 
between the month prior to the improvements and the month 
following, accounting for both monthly and yearly variations 
in ridership by comparing with the same months in 1976. 

The change exhibited between the two Octobers shows the 
1976-1977 variation, while any increment over that amount 
shown in November represents the growth resulting from the 
service improvements. 


A "safety valve" train on the Framingham Branch departing ; 
1x hours after the evening peak attracted an additional 
ridership of 2.5 percent. 


Service changes initiated on the Franklin Branch included 
the addition of one inbound train during the morning peak 
period and one outbound train during the evening peak period, 
which increased ridership by 11.3 percent and 15.8 percent, 
respectively. A third train was also added to the evening 
peak out-bound service on the Stoughton Branch; it increased 
ridership by 56 percent. | 


aA NB ag eh 


Several changes were initiated on the Providence Line 
affecting both peak and off-peak service. A fourth train 

was added to the inbound morning peak schedule, with a 

resulting ridership increase of 4.3 percent. Additional 

service changes were initiated on the Shore Line affecting 

mid-day service between Attleboro and South Station. Head- 

ways were reduced from two hours to one hour, and two station 

stops were added. The response to the added service has ; 
been quite positive, with mid-day ridership up 1l.2 percent. . 


The final line incurring a schedule change was the Fitchburg 
Line, which is part of the Northside service. An additional 
outbound train was run express from North Station. The 
results of this service change proved to be inconsistent with 
other lines. Despite the service improvements, ridership 
did not increase. The only impact of the added service was 
that ridership was divided among the three earlier trains 
rather than between two. One possible explanation for this 
lack of response is that headways on the line were superior 
to the other upgraded lines under the old scheme. As a 
result, minor schedule changes would not have the same 
impact on the Fitchburg Line as was exhibited on the other 
lines. Another possible factor is that the existing demand 
was adequately served, so that further improvement would 

not attract additional ridership. 


In summary, with the exception of the Fitchburg Line, the 
recent service changes did attract additional ridership 
during the affected schedule period. The results, then, 
suggest that commuter rail can attract new ridership when 
service improvements are geared to the travelers’ needs. 


3 cd DESCRIPTION OF USERS 
3.3.1 Overview 


Most commuter rail riders are professionals or clerical workers 
who Own One or more cars and have an average family income of 
nearly $20,000. They use commuter rail almost every day and 
usually for going to or from work. Their trip to the station 
is usually by car, though many walk, and most riders get to 
their destination in the financial district or government 
center by walking from one of the downtown stations. The 
origins of commuter rail riders are in numerous cities and 
towns, but 16 towns account for over 50% of users and 2 towns 
(Beverly and Needham) account for over 10%. 


The overview given above highlights the most common Chai — 
teristics of the rail patron, But, it only tells part of the 
story. Details on user characteristics are shown in the 
following sections. 


Buses Se ee LO Characteristics 


As mentioned in the overview, most commuter rail trips are 
work trips (73 percent on the Northside and 87 percent on the 
Southside). This is primarily due to the radial* nature of 
the service and to the schedule of trains. The Northside 
service exhibits a lower work trip percentage than the South- 
side service due to the better off-peak service offered on 
the Northside lines. The "school" and "other" categories 

of trips on the Northside are better served by off-peak 
trains, and hence, account for the difference. The combined 
percentage for the Northside (ll percent for morning peak, 

27 percent for all day) is significantly higher than for 

the Southside (eight percent for morning peak, ll percent 

for all day). Table 3-3A shows these results. 


As Table 3-3B shows, the park-ride, kiss-ride and walk modes 
of access together account for at least 95 percent Oke coll 
passengers. Data also show that for morning inbound trips, 
almost two-thirds of riders get to the station by car and 
almost one-third walk. Further, the survey shows more park- 
riders than walkers in the morning peak. Those who reach 
the station by bus, taxi or bicycle constitute no more than 
1.5 percent in each category. The "All Day" numbers show a 
large increase in the number of walkers to Stacrons.: | lois 
is due to the predominance of walking as an access mode to 
the downtown stations (for outbound trips). On the North- 
side, 54 percent of all trips from downtown are accessed by 
walking. On the Southside, this number is 86 percent. 


*Al1 lines terminate in downtown Boston. 
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Table 3-3C presents trip frequency data for rail patrons. 
The vast majority of all trips are made on a daily basis. 
Seventy-five percent of all trips made on the Northside are 
made daily, 86 percent on the Southside. One noteworthy 
observation from Table 3-3C is that Northside service had a 
relatively large response in the "1-3 times/week" and 
"infrequent" categories -- 9.1 percent and 3.3 percent, 
respectively, for morning peak, and 14 percent and 11 per- 
cent for all day. 


3.3.3 Socio-Economic Characteristics 


Table 3-3D illustrates the distribution of vehicles per 
household among commuter rail riders. Only seven percent 

of Northside riders are from households with no cars, 2.5 per- 
cent on the Southside. There is also a high incidence of 
multiple auto ownership per household: 48 percent of 
respondents on the Northside service belong to households 

that own two or more autos; on the Southside, this number 

is 54 percent. In sum, most of the commuter rail patrons 

are not captive riders. 


Table 3-3E shows the number of licensed drivers per house- 
hold of those responding to the CRIP surveys. 81.8 per- 
cent of the Northside respondents and 86.8 percent of the 
Southside respondents reside in households with two or 
more licensed drivers. The number of respondents' house- 
holds with no licensed drivers is nearly insignificant-- 
2.3 percent of the Northside households and 1.0 percent of 
the Southside households. 


Figure 3-4 shows a comparison between the auto ownership 
characteristics of commuter rail users and of the whole 
population in the service area of each line. It is 
interesting to note that commuter rail users Nave more 
cars than the general populace in all service areas but 


one (Framingham Line). Some lines show a significant 
difference, which is reflected in the income character- 
istics (Figure 3-4). Framingham is an exception, This 


may be due to the limited service, the limited number of 
riders, or the impact of good transit service in Newton. 


Figure 3-4 shows a comparison between the median income 
levels of commuter rail users and of service area resi- 
dents. Again we see that commuter rail users seem much 
different from the residents of their service area. They 
have higher incomes. 


When comparing the residents of the commuter rail serv- 
ice area and the system's users with residents of the 
MBTA district, we see that, in general, residents of the 
MBTA district have fewer cars and less income. This is 
undoubtedly due to the fact that commuter rail serves 
suburban areas, which traditionally are more affluent. 
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Table 3-4 summarizes the occupations of the respondents 
to the CRIP surveys. Clerical and professional employ- 
ment categories account for the bulk of commuter rail 
users: 62.5 percent of Northside riders and 71.7 percent 
of Southside riders fall into one of these categories. 


Professionals dominate this group. They constitute 45.6 
percent of the Northside and 50.0 percent of the Southside 
ridership. By contrast, few (less than five percent on 
either service) riders are shop/factory workers or skilled 
tradesmen. These findings are reasonable given the domi- 
nance of white-collar industries in downtown Boston. The 
only noteworthy difference between the North and South- 
sides is the higher percentage of students--14.6 percent 
versus 8.5 percent on the Southside, which is consistent 
with trip purpose presented previously in Table 3-3A. 


3.3.4 opp Repel and Destination Characteristics 


Table 3-6 shows the community of origin of morning peak 
inbound trips on commuter rail. The top three communities 
on the Northside--Beverly (9.6 percent), Reading (7.7 per- 
cent and Wakefield (6.9 percent)--account for almost 

25 percent of all Northside riders. The top eight commu- 
nities (additionally, Winchester, Melrose, Lowell, Concord 
and Woburn) include over half of the ridership. 


The distribution of Southside inbound passengers follows a 
similar pattern. The top three communities--Needham (11.4 
percent, Norwood (6.8 percent) and Canton (6.7 percent) -- 
account for approximately 25 percent of the total South- 
Side ridership. Again, the top eight communities (the 
previous three plus Sharon, Dedham, Wellesley, Stoughton 
and West Roxbury) include over 50 percent of the users. 


Table 3-5 shows the distribution of in-town destinations 
of commuter rail users. As Table 3-5 illustrates, the 
single largest destination of commuter rail users on both 
services was the Financial/Retail district. Forty-three 
percent of the Southside riders and 33 percent of the 
Northside patrons were bound for this area. Noteworthy 
differences between the survey responses appear to be a 
Function of the intown terminals served--South Station and 
Back Bay on the Southside service and North Station on the 
Northside service. Noticeably higher percentages of the 
Northside riders were destined for the North End (eight 
percent) and the Government Center area (18 percent), due 
to their easy walking distance from North Station. Much 
lower percentages of Southside users had these destina- 
tions (0.8 percent and 9.9 percent, respectively). Like- 
wise, many Southside respondents tended to have destina- 
tions in the South Station and Prudential/Back Bay areas 
(8.4 and 22 percent, respectively). Responses for these 
categories were 3.4 and 11 percent in the Northside 
survey. 


OCCUPATION NORTHSIDE SOUTHSIDE 
Professional 49.6% 46.4% 
Clerical 20.7% Lt «ce 
Student 9.9% 16.5% 
Sales 3.9% 2.9% 
Craftsman/Foreman Jas 2-5% 
Housewife Lacs 2.0% 
Shop/Factory Worker 1.0% cts 
Retired 1.0% ons a 
Service/Domestic 0.7% ach 
Unemployed 0.4% 0.13% 
Other 8.3% 8.7% 
Total 100.03 100.03 
NORTHSIDE SOUTHSIDE 
AREA (1976) (1976) 
Back Bay 4.5% T2415 
Beacon Hill 5.0% I32s 
Financial/Retail 33.5% 43.3% 
Government Center | 18.1% Se 
North End 8.0% 0.8% 
Park Square | 2.2% 2.8% 
Prudential 6.3% 14.6% 
South End 2.8% 3.9% 
Fenway-Parker Hill | 2.0 % Pe | 
Copley Square -- -- 
South Station | 3.4% 8.4% 
Cambridge 4.4% 1.6% 
Other 8.2% vooe 
Total 100.0% 100.0% 


OCCUPATION TABLE 3-4 


DESTINATIONS OF USERS (INBOUND TRIPS) TABLE 3- 


a 
PERCENTAGE OF PERCENTAGE OF 
PASSENGERS TOTAL RIDERS PASSENGERS TOTAL RIDERS 
SOMMUNITY § ORIGINATING IN CUM. 3 COMMUNITY ORIGINATING IN __ CUM. 4 
Beverley Vale f) 9.6 9.6 Chelmsford 135 1.8 69.3 
Reading S72 ee fits | Lincoln 120 : 71.4 
Wakefield 510 6.9 24.2 Marblehead 120 1 i) ree ® 
Winchester 486 6.5) ssa ee Swampscott 113 Lea 74.5 
Melrose 454 6.1) -sonn Hamilton a a8 ub ge 76.0 
Lowell 442 Sx94 42'.7 Manchester 109 io ties 
Concord 391 5.3 48.0 Nerth Reading 109 Lo 79.0 
Woburn tf Ri 4220495 20% Danvers 97 4 2) 80.3 
Salen 209 2e5~ 255.0 Tewksbury 89 a = Pe 
Acton 199 2. 1425 hy, Rockport 30 apy 82.6 
Waltham 170 2237 800...0 Lynn Fhe thyg®, 33.6 
Ipswich 165 eee igs Ook da Burlington 74 jig Me 84.6 
Gloucester 161 2-2 64.4 Stoneham ree sig 9 85.6 
Wilmington 136 eo MOO. All Others 1078 pi Ne 100.0 
Billerica 136 173... 68.0 
SOUTHSIDE * 
PERCENTAGE OF ° PERCENTAGE OF 
PASSENGERS TOTAL RIDERS PASSENGERS TOTAL RIDERS 
COMMUNITY ORIGINATING IN CUM .% COMMUNITY ORIGINATING IN CUM. 3 
Needham 687 11.4 11.4 Hyde Park 168 23 desea 
Norwood 412 6.8 18 s2 Walpole 167 y Le: Toad 
Canton 406 Sy iiee24a JS Franklin 143 2.4 78.3 
Sharon 386 Stan 153 Newton Liv ied 2.0 80.3 
Dedham 335 5.586268 Brockton 116 nh S252 
Wellesley 323 $.3 BAZss Easton 105 Toit 83.9 
Stoughton 321 $53) 747.4 Norton Lol 17 85.6 
W. Roxbury 312 py Py) Natick 91 is 87.1 
Attleboro 241 470 456.6 Dover 31 3 88.4 
Mansfield oe ta 3.5 9200.5 - Weston 68 Lup. S 39.5 
Westwood 208 334476379 - PFramingham 66 Poi 30.6 
Roslindale 194 322 (e674 Medfield 59 ihre 91.6 
Foxborough 194 Soe. 7060 All Others 508 3.4 100 .0 


* Does not include boardings at Providence or Pawtucket in Rhode. Island 


BOARDINGS BY COMMUNITY OF ORIGIN 


Most of the destinations of commuter rail users are in 
Downtown Boston or Back Bay, as can be seen from Table 3-5. 
The percentages of users bound for Cambridge and other 
destinations is small (5.1 percent on the Southside and 
12.6 percent on the Northside). The Eastern Route and the 
Fitchburg Line are the only lines that have any measurable 
number of destinations not in Boston or Cambridge. These 
destinations are in Waltham, and various places in Lynn, 
Salem and Beverly, the only cities existing at inter- 
mediate locations along the rail lines. 


3.4 MARKET CAPTURE, 1963 and 1976 
3.4.1 Overview 


This section of the report describes the ability of 
commuter rail to "capture" trip-makers from its service 
area. In other words, for each town in the service area 
of each commuter rail line, what percentage of the trip- 
makers that might take commuter rail actually make that 
choice? Because of the nature of the data available and 
the fact that most commuter rail trips are work trips, 
this analysis is done for work trips only. 


Because of the availability of extensive 1963 mode split 
data for all communities in Eastern Massachusetts, 1963 
data was used (very little data is available for 1966). 
The share of work trips -- which account for the vast 
majority of commuter rail trips (as discussed earlier) -- 
captured by commuter rail as well as other modes are 
discussed below on a line-by-line basis (also see Table 
3-4 and Figures 3-5 and 3-6 ). It should be noted also 
that the City of Newton was omitted when describing the 
Framingham Line market area because the 1976 rapid 
transit mode split was not available. 


3.4.2 Eastern Route 


Total work trips to Downtown Boston from communities 
served by the Eastern Route increased by 12 percent 
between 1963 and 1976. However, the share of total work 
trips captured by commuter rail decreased by eight per- 
cent during the same period. It appears that a majority 
of these trips were lost to the bus (mode split went 
from seven percent to 18 percent). The auto mode split 
remained the same and the rapid transit mode split 
decreased slightly. . 
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3.4.3 Reading Line 


Total work trips to Downtown Boston from the communities 
served by the Reading Line decreased by two percent 
between 1963 and 1976. However, the share of work trips 
captured by rail decreased by 22 percent. It seems very 
likely that a majority of the trips that were lost by 
rail were captured by the Orange Line extension, since 
the rapid transit mode split increased by 15 percent dur- 
ing this period. The auto mode split also increased by 
aha percent -- this was probably due to the opening of 


3.4.4 New Hampshire Division 


Total work trips to Downtown Boston from communities 
served by the New Hampshire Division increased by 56 per- 
cent between 1963 and 1976. However, the percentage of 
work trips made by commuter rail decreased by 27 percent 
during this period. It should be noted that rail rider- 
ship increased in several communities along the route, 
but these increases were less than proportional to the 
increase in total work trips. It appears that the trips 
that were lost by commuter rail were lost mostly to auto, 
whose mode split increased by 21 percent (again, the 
impact of I-93). The share of work trips captured by 

bus increased by three percent. 


Seianioy PacChbung Line 


Total work trips to Downtown Boston from communities 
served by the Fitchburg Line increased by 44 percent 
between 1963 and 1976. However, the percentage of these 
trips made by rail decreased by 13 percent during this 
period. This loss is due to two factors: (1) the fact 
that new commuters to downtown from Waltham chose modes 
other than commuter rail, and (2) the loss of commuter 
rail riders from the Town of Weston (service to Weston 
was discontinued between 1963 and 1976). 


This decline in the commuter rail mode split is partly 
attributable to a decrease in the level of service 
offered (see section on operating characteristics). 
Five trains arrived in Boston during the morning peak 
period in both 1963 and 1976. Six trains left Boston dur- 
ing the 1963 evening peak and four left during the 1976 
evening peak. The change in actual travel time, however, 
is probably more significant than the actual number of 
trains provided. In 1963 the average scheduled travel 
time was 40 minutes inbound and 39 minutes outbound. By 
1976 these times had deteriorated to 51 minutes inbound 
and 57 minutes outbound. 


3.430 Framingham Line 


Total work trips to Downtown Boston from communities 
served by the Framingham Line did not change appreciably 
between 1963 and 1976. However, the share of these trips 
captured by commuter rail decreased by 13 percent during 
this period. Therefore, in 1976, commuter rail was 
carrying only five percent of total downtown-oriented 
work trips. The level of service had declined somewhat 
(there were two fewer trains during the evening peak and 
the average scheduled travel time had increased by ten 
minutes). However, buses -- MBTA express buses, Gray 
Line and Wellesley Fells buses -- seem to be the major 
reason for the decline of this route. During this time 
the Massachusetts Turnpike Extension was opened, which 
provided a path for these buses, as well as attracting 
more commuters to their cars. 


The share of work trips made by bus increased astronom™ 
ically in almost every community served by this route. 


In 1963, only five percent of work trips from Framingham 
were made by bus, but in 1976 approximately 43 percent 
of work trips were made by bus. Comparable numbers in 
Natick were five percent and 23 percent. In Wellesley 
they were two percent and 22 percent. Auto mode splits 
also increased during this period, but not as much as 
bus mode splits. 


Data on the mdde splits to Newton are left out of this 
analysis due to the jnavailability of rapid transit mode 
split data for 1976. 


3.4.7 Needham Branch 


Total work trips to Downtown Boston from non-Boston 
communities served by the Needham Branch remained virtu- 
ally the same (decreased by 1.5 percent) between 1963 
and 1976. However, the share of such trips made by 
commuter rail decreased sharply during this period. In 
1963 almost half (45 percent) of the Downtown Boston 
oriented work trips from these communities were made by 
rail, but in 1976 the rail split had fallen to less than 
a third (27 percent). The absolute number of work trips 
made by rail from the Town of Needham (which produced 
over 80 percent of the work trips from the non-Boston 
communities served by this branch in both 1963 and 1976) 
decreased by almost 50 percent between 1963 and 1976, 
whereas total work trips decreased by only two percent. 
From all available data, it appears that the majority of 
these trips were lost to the auto. Needham's auto mode 
split increased by 16 percent. This is again due to the 
opening of the Massachusetts Turnpike Extension. 


Data on the mode splits to neighborhoods in Boston are 
not included in this analysis due to the difficulty of 
disaggregating some of the data by neighborhood. 


3.4.8 Franklin Branch 


Total work trips to Downtown Boston from communities 
served by the Franklin Branch increased by 17 percent 
between 1963 and 1976. However, the share of work trips 
captured by commuter rail remained relatively stable. 
Hence, commuter rail ridership increased (as was shown 
earlier). This seeming stability reflects the fact that 
mode splits for rail from the smaller, more distant 
communities increased a great deal during this period 
(as much as 36 percent). It does not reflect commuter 
rail's seeming inability to keep existing trips or to 
capture new trips from the three close-in communities-- 
Dedham, Norwood and Westwood--that account for the 
majority of trips on this branch. Commuter rail mode 
splits from these communities decreased from 34 to ten 
percent, 40 to 25 percent, and ten to nine percent, 


respectively. It appears that losses from these towns 
can be attributed to the bus and the auto where mode 
splits increased by as much as 12 percent and 31 percent, 
respectively. 


3.4.9 Shore Line 


Total work trips to Boston from communities served by 
the Shore Line increased by 14 percent between 1963 and 
1976, and from all available data it appears that 
commuter rail has captured a large proportion of these 
trips, with only minor increases in service. The rapid 
transit mode split was the only other mode split that 
increased during this period (two percent). The auto 
mode split decreased by five percent. 


3.5 PHYSICAL DESCRIPTION 
3.5.15) Summary. 


This section describes the physical characteristics of 
the commuter rail system-- the lines themselves, the sta- 
tions, the maintenance facilities and the rolling stock. 


At the present time, there are eleven lines and branches, 
with a total of 379.3 miles of track (201.8 road miles) 
and 77 stations. Maintenance activities are performed 

in four different locations. The presently operated 
rolling stock includes 25 locomotives, 112 coaches and 

92 Budd cars (self-propelled "RDC's"). 


40 = 


3.5.2 Lines 


A physical inventory of all MBTA commuter rail lines is 
presented in Table 3-7. It presents information regard- 
ing route mileage, trackage, amount and type of signaled 
track, line gradient and curvature, as well as an inven- 
tory of grade crossings, overhead bridges and track 
bridges. The Shore Line on the Southside service is the 
largest line by all of the quantitative criteria in 
Table 3-7. It has the largest number of route miles, 
track miles andmiles of signaled track. It is the only 
line with more than two tracks in any location. The 
Shore Line also exhibits the best performance character- 
istics of all the lines -- minimal grade, minimal curva- 
ture and only one grade crossing. It is the only line 
where service can be operated at the maximum 79 mph. 
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Table 3-8 presents a summary of the conditions at the 
suburban commuter stations. The inventory of conditions 
includes platform, structures, parking and lighting. 


All of the Southside stations have some platform, while 
89 percent of the Northside stations have platforms. On 
the Southside, 88 percent of the stations inspected had 
some form of structure at the station; the corresponding 
figure for the Northside was 64 percent. In the inven- 
tory of available parking, 79 percent of the Southside 
stations inspected and 73 percent of the Northside sta- 
tions inspected had parking available... sFinally;o2sreL— 
cent and 41 percent of the stations inspected had more 
than a minimal amount of station lighting on the South- 
side and Northside, respectively. These simple cate- 
gorizations provide a good overview of the basic "ameni- 
ties" (or lack of same) available at each station. They 
do not attest to the generally shabby conditions of 
these facilities in most locations. 


3.5.4 Maintenance Facilities 
On the Northside service, routine maintenance, fueling 
and sanding of equipment is done at the Boston Engine 


Terminal,* just north of North Station. Heavy repair 
work is sent to the Billerica Back Shop. 


*Built in 1890. 
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On the Southside, no adequate maintenance facility is 
available. Hence, locomotives are fueled and sanded 
from trucks at South Station or at the Providence Engine 
House. The Boston and Maine Corporation, the present 
operator, has a maintenance crew located at Providence 
for routine maintenance. Heavier work on Southside 
equipment is sent either to the Boston Engine Terminal 
or the Billerica Back Shop by crossing over to the 
Northside via the Grand Junction Branch. 


3.5.5 Equipment 


The present and expected future status of the MBTA's 
commuter rail equipment is shown in Table 3-9. The 

MBTA presently has 25 locomotives, 112 coaches and 92 
RDC's on hand, although four of the locomotives and 
eight of the coaches are not MBTA-owned. Twenty-one 
locomotives, 75 coaches and 79 RDC's are needed to serve 
the present schedule, but, due to the age and present 
condition of the equipment, only 18 locomotives, 70 
coaches and 72 RDC's are available on an average weekday. 


Much of the MBTA's rolling stock is old, and it is 
expected that 17 of the locomotives, none of the coaches 
and 25 of the RDC's will be useable and remain in service 
for a period of years. However, eventually this equip- 
ment too will have to be replaced, as the MBTA develops 

a long-term equipment procurement plan. 


3.6 SERVICE CHARACTERISTICS 


On the Northside, the most frequent service is provided 

on the inner portions of the Eastern Line and the Reading 
Line, in the range of 60 to 70 trains per day, depending 

on the station. The shortest peak period headways are also 
provided on the inner portions of the Eastern Line and on 
the Reading Line, where the typical headways during the peak 
are 20 minutes. The shortest line is the Reading, whose 
terminal is 12 miles, or 30 minutes travel time, from Boston. 
The longest route is the service to Rockport via the Eastern 
Line and the Gloucester Branch. It takes 79 minutes to 
travel the 35-mile distance from North Station. Table 4-1 
in the following chapter compares the present service 
characteristics with the characteristics of each of the 
alternatives analyzed in this study. 


On the Southside, the most frequent service is provided 

at Route 128 and Canton Junction Stations, with 31 and 

29 trains per day, respectively. These stations have 

more frequent service than other stations because both 
Stoughton- and Providence-bound trains stop there. The 
line with the most frequent overall service is the Needham 
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Branch, with all stations having 24 to 26 trains per day. 
The shortest peak period headways are likewise at Route 
128 and Canton Junction, both 24 minutes, most of the 
Needham Branch stations have 30-minute headways. The 
longest Southside route is the Shore Line, Attleboro, the 
last stop in Massachusetts, is 32 miles from Boston. Due 
to high speeds on the Shore Line, however, it is not the 
longest trip in terms of time. Franklin, 28 miles away, 
takes an average of 61 minutes travel time during peak 
periods. Funds from the CRIP I Capital Grant have been 
spent on this branch, and soon travel times should drop 
to 50 minutes. Needham Heights is the closest terminal 
to Boston in travel time. Stoughton, 19 miles from Boston, 
is a 34-minute average trip in the peak period. 


Scheduled speeds and frequencies do not tell the whole 
story about the present level of commuter rail service 
in the Boston region. Reliability, or the lack there- 
of, is another important factor which reflects on the 
quality of service offered. At the present time, reli- 
ability is very low. A large number of trains arrive 
late at their destination, and at times trains are 
cancelled due to equipment failure. A detailed survey 
of reliability was performed mid-way through the study. 
It showed that in some weeks as many as 35 percent of 
all scheduled trains are late and one to two percent 
are cancelled. Reliability is worse on the Southside, 
with 17 to 35 percent of trains late during four sample 
weeks in 1976. On the Northside, reliability statis- 
tics showed eight to 15 percent of trains late in the 
same sample weeks. As new equipment which is presently 
on order arrives reliability should begin to improve, 
but service cannot be "guaranteed" until most of the 
equipment in service is new or rebuilt. 
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The estimated gross cost in 1977 of operating the pres- 
ent commuter rail system is $34,472,000 ($21,305,000 on 
the Northside and $13,167,000 on the Southside). These 
costs fall into three categories: fixed, variable and 
overhead. Twelve percent, or $4,298,000, of these 
costs are fixed costs--costs that would have to be paid 
even if only one line were operated on the Northside 
and one on the Southside. These costs include rental 
fees and utilities for North and South Stations, sala- 
ries for switchtenders, towermen and information clerks 
in the terminal areas, and maintenance of track and 
Signals in the terminal and repair shop areas. 
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The costs that fall into the second category--variable 
costs--are costs that are directly attributable to the 
operation of specific lines. They represent 80 percent 
($27,578,000) of total gross operating costs and 
include operating and non-operating labor, material and 
supplies, passenger incentives and fuel costs. It 
should be noted, however, that a small percentage of 
these costs are fixed costs for each line. In other 
words, they are incurred only due to service on an 
individual line, but they do not change with the amount 
of service on that line. 


The final category of costs, overhead, represents about 
eight percent of total gross costs. It includes 
management fees, departmental costs (i.e., law, finance, 
personnel), and portions of the salaries of the vice 
presidents of the Transportation, Engineering and 
Mechanical Departments. 


The Northside gross operating costs can be categorized 
as follows: Transportation Department (the costs of 
operating the trains) --$8,808,000; Mechanical Depart- 
ment (the costs of maintenance of equipment) -- 
$6,786,000; Engineering Department (the costs of main- 
tenance of way) --$3,705,000; all other departments 
(accounting, purchasing, etc.), passenger incentives 
and insurance--$2,006,000. The Southside costs are: 
Transportation Department--$6,233,000; Mechanical 
Department--$4,559,000; Engineering Department-- 
$864,000; all other departments, passenger incentives 
and insurance--$1,511,000. 


It can be seen from the foregoing that Mechanical 
Department costs are 33 percent higher on the Northside 
than on the Southside. However, Southside service is 
assigned 21 percent more vehicles than Northside serv- 
ice. This inconsistency can be explained by the types 
of vehicles used to provide service. Budd cars, which 
are quite expensive to maintain ($79,000/car), are the 
only type of equipment operated on the Northside,* 
whereas locomotives, coaches and a small number of Budd 
cars are used on the Southside. Locomotives are 
slightly more costly to maintain than Budd cars, but 
they account for less than a quarter of Southside vehi- 
cles. Maintenance costs for coaches, which account for 
a majority of Southside vehicles, are only $18,000/car. 


*Except during emergency conditions when leased freight 
locomotives are used to null the Budd cars. 
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3.8 DEFICIT ASSESSED TO CITIES AND TOWNS 


As described in Section 5.2, the deficit for Operating 
the commuter rail system is based on a number of 
factors. Table 3-10 presents the estimated 1977 deficit 
attributable to commuter rail service as it would be 
assessed to each of the 79 cities and towns. The total 
would be $10.26 million. As can be seen in this table, 
by far the largest portion of the deficit will be 
assessed to the City of Boston ($4.287 million), pri- 
marily due to the large number of express service 
boardings which include rapid transit. The next largest 
commuter rail assessments for communities with commuter 
rail service would be Newton's $283 thousand, Lynn's 
$144 thousand, Framingham's $135 thousand and Waltham's 
$112 thousand. 


3.9 PRESENT LEVEL OF FREIGHT SERVICE 


The MBTA presently owns the majority of main and branch 
line rights-of-way in the Boston region. On lines 
where commuter rail service is operated, the MBTA 
assumes the cost of maintenance-of-way. This fact has 
important consequences for the movement of rail freight 
in the region. The amount of freight carried on MBTA- 
owned lines on the Northside of Boston is summarized in 
Table 3-1ll. 


Lines carrying commuter rail service require a higher 
level of maintenance than that needed to support freight 
service. The MBTA pays for this higher level of maint- 
enance and although they receive reimbursement for the 
movement of freight over these lines, it does not cover 
total maintenance-of-way costs. Thus, B&M and ConRail 

are able to operate freight service over better maintained 
lines and at a much lower cost. In fact, for the B&M 

it is doubtful whether current levels of freignut shipments 
justify the expense of maintaining the rights-of-way. Since 
the MBTA assumes the cost of maintenance, shippers along 
these lines have rail freight service which they might not 
otherwise have. Maintenance of way also provides a much 
needed positive impact on shipper's confidence. Observing 
that maintenance is being completed reaffirms the fact 
that rail service will be continued. 
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The maintenance-of-way costs borne by the MBTA have 
much greater implications for B&M's freight service 
than for ConRail's. B&M is much smaller than ConRail 
and presently is analyzing the viability of many of the 
lines in the Boston region. On the basis of monthly 
reports of carloads handled, it appears that B&M has 
lost a considerable amount of freight business in the 
Boston region over the last four years. The number of 
carloads handled has decreased on all but two of the 
B&M lines in the Boston region. Total carloads on the 
Fitchburg Main Line (W. Cambridge to Ayer) have remained 
relatively stable from 1972 to 1976, while a 20 percent 
increase in carloads handled has been realized on the 
New Hampshire Main Line (N. Somerville to Wilmington). 
Total carloads handled on other lines in the Boston 
region have decreased from 30 percent to 60 percent 

in the same time period. Therefore, the existence 

of the commuter rail system enables the B&M to continue 
freight service on many lines in the Boston region that 
Might otherwise be abandoned. 
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4.0 DESCRIPTION OF ALTERNATIVES 


4.1 OVERVIEW 


The four alternatives which have been analyzed are: 

(1) Plan A, a limited investment rail system; (2) Plan B, 
a stabilized rail system; (3) Plan C, a rail system with 
increased service levels; and (4) Commuter Bus Service. 
These alternatives are illustrated in Figure 4-l. 


This chapter describes the alternatives, their levels of 
service and their requirements in terms of equipment and 
personnel. Table 4-1 summarizes the average service 
characteristics for selected stations on each line of 

the Northside and Southside commuter rail system. 
Information presented includes distance from Boston, 
typical peak period headway, average peak speeds to 

Boston and number of trains per day. In all cases, equip- 
ment requirements are consistent with estimated passenger 


demand... 


The descriptions which follow describe the alternatives as 
they were designed. Certain modifications were made after 
the first cycle of analysis to incorporate other features, 
such as ensuring that enough coaches were available to carry 


the ridership thatwas forecasted. However, a key modification 


that was not made was the provision of expanded parking 
facilities in locations where projected boardings indicate. 


the need. Nevertheless, any capital programming which results 
from these analyses must take this into account, since 
ridership will not reach projected levels if sufficient 
parking is not available. 


4.2 PLAN A 


Plan A was designed as a type of "Stop gap" alternative, 
Meant to ensure continuation of service for 5 to 8 more 
years, without making an irreversible commitment to 
continuation of commuter rail service. This alternative 
was necessitated by the likelihood that limited capital 
would be available. It was assumed that $25-40 million 
would be available for commuter rail. 


Capital investment objectives of Plan A were to: 1) treat 

the most severely deteriorated conditions that may jeopardize 
the continuance of service; 2) use short life projects to 

buy time and spread available money around; and 3) to 
emphasize equipment, while avoiding improvements "in the 
ground". 
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RAIL LINES AND BUS ALTERNATIVES 
FITCHBURG AND FRAMINGHAM CORRIDORS 
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Figure 4-1 


RAIL LINES AND BUS ALTERNATIVES 
NEEDHAM, FRANKLIN AND SHORE LINE CORRIDORS 
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This alternative represents almost the same level of service 
as that provided by the existing commuter rail system. 

Those changes made are the result of improvements expected 
due to increased reliance on locomotives instead of Budd 

Cars (self-propelled diesel cars). Other changes are the 
result of minor operational changes or schedule modifications. 


Frequency of service ranges from 20 to 25 minutes on the 
Reading Branch, the Eastern Route to Beverly, the New 
Hampshire Route to Woburn and the Framingham Line. 

Headways on all other lines average from 40 to 45 minutes. 
Average speeds range from 20 to nearly 40 mph. The high- 
est average speeds of 35 to 40 mph occur on the Shore 

Line and the lowest speeds of 20 to 25 mph are found on 

the Framingham Line. The low speeds on the Framingham 

Line are a result of all trains running as locals. Compared 
to the present system, only Fitchburg shows any improvement 
in running time (five minutes). Reliability is increased 
due to locomotive-hauled service. Average lateness* is 
decreased 80% on the Northside and 65% on the Southside. 


Plan A would require 196 operating personnel composed of 
64 engineers, 62 conductors and 70 trainmen. Equipment 
needed for this service would include 40 locomotives, 23 
RDC's and 136 coaches. 


4.3 PLAN B 


The level of investment specified under Plan A could not 
support the continuation of rail service over an extended 
period of time. Therefore, a second alternative was defined 
which would provide for further upgrading of track and 
bridges plus all new or rebuilt equipment. These capital 
investments provide the basic level of improvements needed to 
continue the service offered under the existing commuter rail 
system, and would significantly improve service reliability. 
Plan B represents a definite commitment to remain in business, 
with an eye to the future, but without major upgrading of 
service frequency. 


Investment in Plan B throughout the system was expected 
to cost $150-200 million additional dollars over the amount 


already committed as of March 1978. (The CRIP III grant of 
$25 million which has recently been approved had not 
been developed at that time.) The four primary capital 


* See Section 5.2.1 for a description of this 
measure of reliability and its impact on ridership. 
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investment objectives of Plan B were to: 1) make permanent 
investments to the most severely deteriorated areas that 
affect continuance and reliability of service; 2) reestablish 
a reliable base operation; 3) emphasize on-train reliability 
and defer off-train improvements and amenities; and 4) make 
improvements with long, or medium length useful life. 


Plan B does not include projects for which the only justification 
is return on investment, or such projects as station modern- 
ization, new stations, parking areas, additional track or 
rights-of-way. 


In relation to improvements that have been made to date, 
Plan B is quite similar to the work done on the Franklin 
Branch with two exceptions. As mentioned above, Plan B 

includes no station modernization although the Franklin 

Branch has received some. The second difference is that 
Plan B includes signal work, and no signal work has been 
done on the Franklin. 


The frequency of service under this alternative is similar 
to that under Plan A and the existing system. However, due 
to the increase in power of Locomotives over RDC's, running 
times five to ten minutes faster would exist on all but 

the Reading, Woburn and Shore Lines. This results in 
moderately increased running speeds on the Fitchburg, 
Franklin, Needham and Framingham routes, and significantly 
increased speeds on portions of the Eastern and New 
Hampshire lines. Service reliability would be further 
enhanced over the existing system with a system-wide 
improvement in average lateness of 93 percent. 


This alternative would require the same number of operating 
personnel as the Plan A alternative (64 engineers, 62 
conductors, 70 trainmen). Equipment needed to operate the 
system consists of 40 locomotives and 178 coaches. RDC's 
are deleted from the system due to their high operating 
costs and low reliability. It is expected that many of the 
existing RDC's can be converted to coaches. 


4.4 PLAN C 


The most optimistic rail alternative, Plan C was designed 

to significantly upgrade the commuter rail system, to 

provide fast, frequent and reliable service throughout. 

It was expected that Plan C would cost over $300 million 
dollars. The objectives of investing in Plan C would be: 

1) to upgrade service and amenities to nearly rapid transit 
levels including equipment, station modernization and parking 
facilities; and 2) to make permanent improvements with long 
useful lifetimes. ee 


The types of capital investments required would include 
completion of all deferred track, bridge and signal 
maintenance so that thereafter only routine maintenance 
would be required.. Maintenance facilities would also be 
brought up to modern standards. Further, some lines and 
some locations would be double-tracked to enable provision 
of desired service levels. 


The highest level of Northside service would be on the 
inner segments of the New Hampshire Division and Eastern 
Line, with peak headways of ten minutes. On all other 
segments of Northside lines, headways average from 15 to 
20 minutes. On the Northside lines average speeds would 
improve over Plans A and B. Five to ten mph improvements 
would be made on the Fitchburg and Eastern Lines, with 
smaller increases on the Reading and New Hampshire Lines. 
The longest running time of 52 minutes would be to 
Rockport. 


On the Southside, peak headways would be 15 minutes on 

the Framingham Line and inner segments of the other 

three lines. These headways represent significant 
improvements over Plans A and B (ten to fifteen minutes). 
The more significant improvements in average speeds 

would occur on the Framingham and Franklin Branches, where 
express or skip-stop trains would be added to the 
schedule. The longest running time on the Southside is 

52 minutes, to Attleboro. 


For this alternative, a total of 367 operating personnel 
would be required. This figure includes 126 engineers, 
126 conductors and 115 trainmen. Equipment needed to 
operate the system would consist of 52 locomotives and 
256 coaches. 


4.5 COMMUTER BUS SERVICE 


4.5.1 Design of Commuter Bus Alternatives 


The fourth alternative is a bus service which replicates, 
as far as possible, current commuter rail service. The 
first step in the development of such a system was to 
review statistics on present commuter rail ridership by 
Station and by time of day. Then, assuming that commuters 
would desire a Boston arrival and departure schedule similar 
to that provided by the commuter rail system, alternative 
bus services were designed to match that schedule. When- 
ever possible, express service was scheduled between 
Suburban locations and Boston. However, in certain cases 
current ridership levels did not justify such service. In 
these situations a number of locations were combined into 
a Single bus run. 


The next step involved the selection of the fastest 
possible highway routes. New bus service was designed for 
the majority of locations served by commuter rail, but 

in some instances additional bus service could not be 
designed which surpassed the quality of service provided 
by local bus access to transit stops. From other 
locations, namely Framingham and Beverly, private carriers 
already provide service to Boston. Therefore, it was not 
necessary to schedule as much replacement service on 

these routes. 


The final steps in designing the bus service were the 
compilation of runs SO as to cycle the use of buses as 
efficiently as possible and then checking these runs 
against driver work rules. 


Downtown destinations of the commuter bus akternatives were 
oriented toward matching the desires of present rail 

patrons with the street patterns and availability of 

space for station facilities in Boston. Most Northside 

bus services would be terminated at Haymarket Station, 
although some bus routes from the Fitchburg Line corridor 
would terminate in Cambridge and others in Post Office Square. 
Southside bus services wauld terminate in Copley Square or 

at South Station. 


4.5.2 Line-by-Line Summary 


The alternative bus services are described below. Table 4-2 
summarizes the service on each line, including the number 
of routes operated and the number of vehicles that would 

be needed. 


Eastern. The current analysis of bus service for the 
Eastern Route proposes operation of 12.bus routes. Some 
routes would operate during peak hours only and some 
during off-peak hours only. Most of these routes would 
approach Boston via U.S. Route 1 and the Mystic-Tobin 
Bridge. Although Interstate 93, to the west of Route l, 
is less congested, the additional access time would 
cancel out this advantage under normal traffic 
conditions. 


Reading. Alternative service along this route would 
consist of three bus routes. The first would serve 
Reading Station only, the second would serve as a feeder 
to Oak Grove from Wakefield and Greenwood Stations, and 
the third would also access Oak Grove and provide service 
from Melrose Highlands, Melrose and Wyoming Stations. 

It is assumed that all three routes will run during 
morning and evening peak periods only, on headways of ten 
to 15 minutes. During midday and at night, former rail 
users would have to rely on existing transit service in 
this corridor. 


Number of Total # of 
Total # of* Required Number of Buses 
Bus Routes Bus Routes Buses Spare Buses Assigned 
Eastern . 
Route ie 33 7 46 
Reading 3 18 3 all 
New Hampshire cml Spe 6 39 
Fitchburg 9 20 4 24 
'Framingnam 6 18 “ 2 
Needham Akal 24 4 28 
_ Franklin 24 30 5 35 
Shore Line 25 61 hal 72 
TOTAL 101 243 43 286 


* Includes basic routes plus their variations. 
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New Hampshire. Ten new bus routes plus increased service 
on bus route 134W is proposed as an alternative to the 
existing service on this line. Route I-93 provides good 
access to Boston from this corridor and would be used for 
many of the commuter bus routes. 


Fitchburg. The commuter bus service designed to serve the 
Fitchburg corridor assumed the present public transit system. 
This system consisted of eight new bus routes plus increased 
service on one existing route. However, once Red Line 
service is extended to Alewife, it is more realistic to 
terminate most of the bus routes at this station. Therefore, 
a revised commuter bus service was designed to serve as 4 
feeder to that station. This system consists of nine new 
bus routes plus increased service on existing route 305. 


Framingham. Alternative bus service for this line would 
Sonsist of six bus routes which would be operated by 

private carriers, by the MBTA or by a combination of 

the two. Each route would have one departure for each 
existing train, and would take-advantage of the free-flowing 
Massachusetts Turnpike. In addition, if traffic flow 
increases on the Pike, there. is potential for provision of 

a special-purpose lane to ensure maintenance of high speeds 
for the express buses. 


Needham. The service for this route would consist of 
MBTA-operated express buses to Copley Square and South 
Station from the four Needham stations during peak hours 

and a shuttle bus from these same stations to the River- 
side Green Line station during midday. To serve the 
Roslindale, Bellevue, Highland and West Roxbury Stations 

a short-turn bus operating on a ten-minute headway from 

West Roxbury to Forest Hills would be added to existing 
service during the AM and PM peak hours. These buses would 
be continued through to Copley Square if demand warranted it. 


Franklin. The analysis of alternative service for the 
Franklin Branch proposes operation of ten new bus routes. 
Most of these routes would have one or more short-turn 
variations. The large number of routings relative to the 
number of stations served was necessary in order to maintain 
reasonable load factors while attempting to minimize 

travel time. 


Shore Line. In designing alternative service for the 

Shore Line and the Stoughton Branch, it was assumed that 
service to points in Rhode Island was not the responsibility 
of the MBTA or the Commonwealth of Massachusetts. Presumably, 
Bonanza Bus Lines would expand service from Providence to 
Boston as necessary to accommodate additional demand if 
commuter rail service were dropped. The scheduled bus 

running time from Providence to Park Square is 55 minutes, 
which is less than the scheduled commuter rail time at 
present. 


To replace service at stations within Massachusetts, the 
current analysis proposed operation of ten basic bus 
routes, most of which would have some variations. 


From most communities in the Providence Line corridor to 
downtown Boston, the shortest highway distance would be 
via the Southeast Expressway. However, due to traffic 
congestion on the expressway, trip times during peak 
hours would be minimized by routing buses via the Massa- 
chusetts Turnpike extension. Therefore in the analysis 
it has been assumed that peak trips would use the Turn- 
pike but that off-peak trips would use the expressway. 


4.5.3 Level of Service 


This section summarizes the level of service that would be 
offered in the commuter bus alternative; for a detailed 
description of schedules and running times refer to 
appendix A.3. 


On the Northside, the highest peak headways of ten minutes 
are found on the Reading Line replacement service. 

The next best service, with 15-minute headways, would be to 
certain points receiving commuter bus service on the 
Fitchburg Line and the Eastern Line. The longest running 
time of 88 minutes wikl be to Rockport on the Eastern 

Line. Average speeds to points serving as terminals for the 
rail lines will be about 20 to 25 mph, with the exception 

of service to Lowell having an average speed of 35 mph.z 


The most frequent service on the Southside would be on 

the inner segments of the Needham Branch where the peak 
combined headways for Forest Hills through West Roxbury 
will be six minutes. (This replacement service is 
provided by local buses to the Orange Line.) However, 
peak service to the last four points on this route have 
only 35-minute headways. On the Framingham Line, headways 
are the same as existing rail service and average speeds 
are slightly improved. On the longest route, the Shore 
Line, running time to Attleboro is 58 minutes. Average 
speed to Attleboro is 33 mph, the fastest of any 

Southside bus route and comparable to the average speed 

of the commuter rail alternatives. Two hundred and twenty- 
eight buses (excluding spares) and 243 drivers’ would be 
needed to operate both the Northside and Southside bus 
service. 
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5.0 EVALUATION OF SYSTEM ALTERNATIVES 


5.1 SUMMARY © 


This chapter presents the costs, deficit, ridership and 
revenues of the three rail alternatives and the commuter 

bus service. Further, there are descriptions of the method- 
Ology employed in determining the expected costs and rider- 
ship associated with each alternative and the composite 
system; and the deficit that would be assessed to each 
community in the MBTA district. All monetary figures are 
based on 1977 dollars. 


The estimated total gross cost of operating the present 
commuter rail system is $34,472,000; the estimated gross 
cost of operating Plan A is $32,111,000 (seven percent 
Savings); the estimated gross cost of operating Plan B 
is $30,530,000 (13 percent savings); the estimated gross 
cost of operating Plan C is $43,885,000 (24 percent 
increase). The major portion of costs for each of the 
three systems is variable with the level of service 
provided. The capital costs required to implement Plan A 
1s $53,874,000. The capital cost required to implement 
Plan B is $149,167,000. The capital cost requited to 
implement Plan C is $330,375,000. 


The total estimated gross cost of operating the commuter 
bus service is $18,136,000. This represents savings of 
$16,337,000 (47 percent) over the costs of operating the 
present rail system. However, it should be noted that 
the bus system would increase travel times significantly 
for some commuters. Finally, before this bus service 
could be operated, $31,460,000 must be spent on buses, 
garages, and a terminal facility. 


Analysis of ridership on the four alternatives has shown 

that there would be an increase of 14.7 percent for the 

Plan A alternative system, 26 percent for the Plan B 
alternative system, 81 percent for the Plan C alterna- 

tive system, and a decrease of 29 percent for the 

Commuter Bus service. The decrease in ridership on the 
Commuter Bus service is due in large part to the © 

inability of the existing highway system to provide 

comparable line-haul times, especially along the Eastern 

Route and along the commuter rail lines in Boston's 

Southwest Corridor. Projections of total work trips to Down- 
town by all modes show that the greatest proportional increases 
in the potential rail market over 25 to 30 years are likely to 
occur in the areas served by the Shore Line and and Fitchburg 
routes. 
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The following subsections describe the costs, ridership, 
and revenues associated with each alternative summarized 
above in more detail. 


5.2 METHODOLOGY 


5.2.1 Travel Forecasting 


The process of forecasting travel on commuter rail 
required a determination of the relationship between 
level of service and ridership in Boston. This was 
necessary because no existing model of transit rider- 
ship was based on just commuter rail, and since users of 
commuter rail make their travel decisions in a different 
way than most transit riders. 


The model was based on the November 1976 service and 
ridership patterns in the Boston area. Primarily, 

this data was obtained from a survey of commuter rail 
riders at that time. Also of importance was data on 
auto drivers and other transit riders. These data were 
obtained from numerous surveys* and 1970 Census data. 


Incorporated into the model are travel time, waiting 
time, reliability of service, and cost (fare or auto 
operating cost) for each mode (auto, rail or bus); as 
well as, household income and travel distance. These 
data are then used to determine the relative importance 
of each characteristic, and finally to determine how 
many travelers in each service area choose commuter rail. 


In order to estimate ridership, the level of service for 
each station must be determined; schedules are drawn up 
which show the frequency of train service, and the 
running times from each station to downtown. An esti- 
mate is also made of the reliability of service, based 
on the percent of trains expected to be on time. These 
level of service characteristics are then compared to 
levels of service in the present system and to auto 
speeds to estimate mode split (or the percent of travel- 
ers expected to use the service) and then the total 
number of riders expected to use the alternative service. 
Projected 24-hour inbound boardings are shown in Table 5-4 
and projected annual revenues are shown in Table 5-5. 


* 1963 Home Interview Survey, 1976 Oak Grove Survey, 
1976 Framingham/Natick Survey, 1977 Blue Line Survey, 
1977 Roxbury Survey, numerous small express bus 
surveys. 


Reliability is an important attribute affecting people's 
choice of travel mode; it is particularly important for 
travel to work by commuter rail. Measurement of commuter 
rail reliability was based on reported train delays for 
the year 1977 resulting in the calculation of average 
delay per train on each line (this average also included 
trains which were not late at all), and the variability 
of that delay (since travellers have to plan additional 
waiting time when the variability of delay increases). 
For each plan, as well as for the commuter bus alternative, 
improved reliability values were assumed, and then 
translated into a decrease in average delay. The model 
used showed that ridership would increase by about three 
percent for each 10 percent decrease in average delay. 


The travel forecasting procedure used for this study is 
very similar to ones used in other studies, with three 
notable exceptions. First, the model was developed based 
on individual household characteristics (not just zonal 
characteristics). Second, the model was developed using 
distinct transit modes (commuter rail, express bus, and 
rapid transit were distinct and not treated as a "generic" 
transit mode). The third difference was that reliability 
as a measure of service was incorporated into the model. 


In addition, due to the different objectives of each study, 
the levels of service analyzed may differ somewhat as between 
Phase 2 of the North Shore Transit Improvements Project and 
the CRIP Plan Refinement Study. Service assumptions were 
made to be as consistent as possible* between these two 
Studies. Even so, they did vary slightly. 


After ridership for each alternative was estimated, the 
potential for growth in that ridership was determined. 

This growth potential is based on projected growth in work 
trips to downtown from each suburban zone, which depends in 
turn on projections of suburban population, downtown employ- 
ment and employment elsewhere. For example, as population 
grows in a town served by commuter rail, and as employment 
grows and redistributes throughout the region, the number of 
trips to downtown will increase somewhat, and hence, the 
potential market for commuter rail will change. In most 
communities, the increase in the growth is relatively small, 
since most employment growth will continue to occur outside 
of downtown Boston. 


* A memo dated March 13, 1978 clarifies the differing 
assumptions that were used by the two studies. 


As important as the growth in market potential is the 
change in market capture. Section 3.4 shows how market 
capture changed from 1963 to 1976. These capture effects 
were a result of changes in other transportation facilities 
and changes in auto ownership. It is difficult to predict 
whether commuter rail shares of the market after they 
increase because of better service, would continue to follow 
these mostly downward trends in the future. . Lt could be 
argued that the forces behind these trends have already had 
their effect (I-93 and the Oak Grove rapid transit extension 
with regard to the Reading Branch, for example) or that 
highway capacity limits and rising auto costs would work in 
the opposite direction,to the disadvantage of competing 
travel modes. Therefore, no attempt has been made in this 
analysis to forecast the long-term ability of commuter rail 
or commuter bus to capture portions of an expanding market. 
The analysis has focused on the growth in the :potential 
market based on anticipated growth in travel to the Boston 
CBD. The growth in the potential market was estimated as 

a function of population growth in the municipalities along 
each rail corridor and employment growth in the Boston CBD 
relative to the region. 


The ridership growth potential in each corridor to the years 
1985 and 2005 was analyzed for Plans B and C and the 
commuter bus, with results as shown in Tables 5-6 through 
5-8. The different growth rates associated with the three 
alternatives are due to the fact that each alternative draws 
in different degrees from municipalities having different 
projected population growth. Appendix A-l explains in more 
detail the process of forecasting ridership for the 
alternative plans. 


Sade. cee COs Analysis 


Along with analysis of ridership, costs of the 

various alternatives were analyzed. Operating costs were 
based on service levels, B&M work rules, and expected 
savings due to improvements made to equipment and 
facilities. Costs from 1977 operations were used to 
determine the base levels. All costs are shown rye hLO he 
dollars, in Tables 5-1, 5-2 and 5-3. 


The three major components of operating costs are 
transportation costs (operating the trains), mechanical 
costs (maintaining the equipment) and engineering (main- 
taining the rights-of-way). Analyses included direct 
operating costs, fixed costs and overhead costs. 


Capital costs for equipment are based on estimates made by 
the MBTA Commuter Rail Department and consultant estimates. 
Capital costs were annualized using appropriate lifetimes 
for each type of improvement and using a discount rate for 
the time value of money of 9%. 


PRESENT COMMUTER 
SYSTEM PLAN A PLAN B PLAN C BUS 

Capital Cost --- 38,453 9,677 22,898 1,407 
Annualized Capital Cost** --- Ays09e0 LOL ,67./ 236,747 LOF LEZ 
OPERATING COST BY DEPARTMENT 
Transportation Department 

Fixed US bp MS 1,309 759 --= 

Variable var See) eh 7,748 i Ee Ae 4,075 

Allocated Overhead 80 80 80 80 --= 

Subtotal 8,808 9,164 9,137 12,596 4,075 
Mechanical Department 

Fixed 467 467 467 467 --- 

Variable 6,266 2,394 2,944 4,864 2,950 

Allocated Overhead 53 AS 53 53 --- 

Subtotal 6,786 2,914 3,464 5,384 2,950 
Engineering Department *** 

Fixed x ie ak 8 a eed 1,026 L020 wee 

Variable 2,584 2,164 2,164 2,164 126 

Allocated Overhead --- --- ood -=- --- 

Subtotal in We RA he aya 3,190 37190 126 
All Other Departments 

Fixed ete 252 252 252 --- 

Variable 622 Cpt ehe 832 1,426 --- 

Allocated Overhead SP 896 926 Dy24d3 UE pee 

Subtotal 2,006 3283 2,010 ya Pe BALSS 
TOTAL OPERATING COST A VY pe 12 pooL L7PeOl 24,091 8,306 


kek 


CAPITAL AND OPERATING COSTS - NORTHSIDE SYSTEM* 


All figures in $1,000's 


Capital Costs were annualized on a project by project basis according to 
assumed life span. These annualized costs were then aummed to get total 
costs for a given alternative. 
Actual costs for this department were available by the end of the study 
and were used in all the alternatives. 


CAPITAL AND OPERATING COSTS = SOUTHSIDE SYSTEM* 


PRESENT COMMUTER 
SYSTEM PLAN A PLAN B PLAN C BUS 

Capital Costs -- tS aa 47,490 93,628 WE eet 
Annualized Capital Cost** -- Lore 4,632 8,446 Looe 
OPERATING COST BY DEPARTMENT 
Transportation Department 

Fixed ipo Ow NL ny ap Lise aac a 

Variable 4,596 4,709 4,707 8,877 4,424 

Allocated Overhead oaths: tg hos pag Ast 7 ig ho -- 

Subtotal Opec 6,346 6,344 10,514 4,424 
Mechanical Department 

Fixed 363 363 363 363 ~~ 

Variable 3,983 3,924 3,101 4,296 37/695 

Allocated Overhead a ep he! 213 Ze -- 

Subtotal 4,559 4,500 3) Ouc. 4,872 o2'F3;,695 
Engineering Department*** 

Fixed -~ ae =~ == -- 

Variable Fee hn; iid aes oe ie A= 343 

Allocated Overhead 89 89 89 89 -- 

Subtotal 864 864 864 864 343 
All Other Departments 

Fixed -- ~~ -- <= -- 

Variable 632 968 L022 318 -- 

Allocated Overhead 879 883 821 1225 1,368 

Subtotal ye ier tata e 1,844 2,543 1,368 
TOTAL OPERATING COST 13,167 oes GL. L2enT29 18,793 9,830 


* All figures in $1,000's 


we Capital costs were annualized on a project-by-project basis according to 
assumed life spans. These annualized costs were then summed to get total 
costs for a given alternative 

*** Actual costs for this department were available by the end of the Study 
and were used in all the alternatives. 
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5.2.3 Deficit Analysis 


After costs and revenues were calculated, the total oper- 
ating deficit for the system was known. This deficit 
would be paid for in part by Federal and state operating 
subsidies, and the remainder would be apportioned among 
the cities and towns of the MBTA district. Analyses done 
here have followed the present apportionment formula to 
determine the impact of commuter rail service on the MBTA 
deficit apportioned to each town. This was done both for 
the present system and for a "composite system", in which 
the least cost effective commuter rail lines would be re- 
placed by commuter bus and, alternatively, in which a 
Minimum investment plan (Plan A) were in place on such lines. 


At the present time, a special federal subsidy program, 
Section 17, is used to pay for transition costs for 
transfer of Southside services from Penn Central to 
Conrail to B&M operations. Another Federal program, 
Section 5, payS general operating assistance, a portion 
of which goes toward commuter rail costs. A portion of 
state subsidies for the MBTA also goes toward commuter rail 
costs. Outside community charges (for service beyond 
the MBTA boundary) are also subtracted from the total 
deficit. Approximately 47% (in recent years) of the 
non-Section 17 deficits have been paid by the cities 

and towns. These are apportioned on the basis of number 
of commuters (75% of remainder) and on the basis of 
number of boardings (25% of remainder). 


In order to determine: the deficit of the composite 
system, it was assumed that all changes would be in 

place by 1985. Hence, costs and revenues had to be in- 
flated over an eight year period. Costs were inflated 
based on the average inflation rate over the past eight 
years, and revenues were inflated based on the average 
fare increase over that period. Section 17 assistance was 
assumed to terminate, and Section 5 assistance was 
assumed to grow to $35 million based on an average of the 
assistance levels proposed in two bills presently before 
Congress.* State subsidies and outside community reim- 
bursement were expected to grow at the assumed inflation 
rate. The apportionable deficit was then allocated to 
each town based on the present apportionment ratios. 


*A more recent amendment incorporated in the Senate bill 
as proposed by Senator Brooke would, if enacted, bring 
Section 5 assistance to over $60 million. 


For the composite system, deficits were calculated in two 
ways; with bus service in certain corridors and alterna- 
tively with Plan A in these same corridors. -Deficits due 
to bus service are calculated in a more complex manner 
than rail deficits. The primary factors affecting bus 
service deficits are the population of each community 

and the number of bus miles of revenue service in each 
community. Each of these two factors account for half 

of the apportionable deficit. 
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As described in Chapter 4, Plan A is a limited investment 
alternative, designed to provide "stop gap" continuation 

of service for 5 to 8 years. Capital investment objectives 
of this plan would be to treat most severe conditions 

and emphasize equipment. 


5 354 Costs 


System-wide, the total operating cost for Plan A is 
$32,111,000, which is 7% less than the cost of operating 
the present system. Fixed costs total $4,279,000, or 15% 
of the operating costs, with $2,490,000, or 8%, being 
allocated overhead and $24,872,000, or 77%, being the oper- 
ating costs that vary with the level of service produced. 


The estimated gross cost of operating the Plan A rail 
system on the Northside is $18,551,000, or 13% less than 
the estimated gross cost of providing rail service in 
1977. This decrease in operating cost is due primarily 
to the type of rolling stock used which in turn is 
reflected in maintenance of equipment costs (57% less — 
than the present system). New and rebuilt locomotives, 
coaches leased from Toronto's "GO" commuter system, and a 
limited number (10) of passive RDC's (one-engine RDC's 
that are pulled by locomotives) will be used to provide 
service. The locomotives are significantly less costly 
to maintain than RDC's and only running repairs (which 
cost 81% less that it does to maintain an old RDC) have 
to be made on the leased coaches. Maintenance costs for 
passive RDC's are only slightly less than for an old two- 
engine RDC. 


Another, although somewhat minor, contributing factor to 
the decrease in cost is the elimination of bridge-tenders 
associated with Draw 7 on the Eastern Route. It should 
be noted that the maintenance of equipment savings are 
moderated by higher fuel costs ($0.90 per locomotive 

Mile vs. $0.31 per RDC mile) and coach leasing costs 
($24,000 annually per coach). 
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The estimated gross cost of operating the Plan A rail 
system on the Southside is $13,560,000 or 3% more than 
estimated 1977 operating costs. This slight increase 

is due primarily to higher fuel costs (more trips are 
operated than in the base case and most former RDC trips 
are now locomotive-coach trips), a higher passenger incen- 
tive* (due to a ridership increase), and a concomitant in- 
crease in overhead costs. It should be noted that main- 
tenance of equipment costs are only slightly less than in 
the base case because passive RDC's are still assigned 

to the Needham Route which probably will be out of service 
under this alternative. 


The Northside costs are: Transportation Department, $9,164,000; 
Mechanical Department, $2,914,000; Engineering Department, 

$3, 190,000; all other departments, passenger incentive, 
insurance and leasing costs, $3,283,000. The Southside 

costs are: Transportation Department, $6,346,000; Mechanical 
Department, $4,500,000; Engineering Department, $964,000; 

all other departments, insurance, passenger incentive and 
management fee, $1,851,000. 


The total capital expenditure required to operate Plan A 

is $53,874,J00. This total translates into an annualized 
Capital cost of $5,883,000. On the Northside, a capital 
outlay of $38,453,000 would be required and $15,421,000 
would be required on the Southside to operate under Plan A. 
Capital improvements include new equipment, improvements 

to bridges and tracks, signal renewal and a new Southside 
Maintenance facility. As indicated by cost figures, a 
large portion of the right-of-way and physical improvements 
are programmed for the Northside of the system in Plan A. 


5.352) ,-ProjectedrRisership 


As shown in Chapter 3, relatively minor service improve- 
ments have caused a large increase in ridership on the 
commuter rail system. Under this alternative programmed 
improvements will result in enhanced service reliability-- 
average lateness improves by 65% on the Southside and 80% 
on the Northside. The only exceptions would be the Reading 
Line, where reliability improves 70%, and on the Rockport 
and Ipswich Branches of the Eastern Line, which improve 60%. 


With these improvements it is projected that daily rider- 
ship system-wide would increase about 14.4%, with Northside 
ridership expected to increase 9.5%, and Southside, 19.8%. 
On a line-by-line basis, ridership on the Framingham and 
Franklin Lines would show the largest gains, increasing 
31.7% and 22.5%, respectively. The Reading and Eastern 
Lines would show limited gains, increasing 5.4% and 2.7% 


ss RE“ needs Tee ir rr nis wee en ees ened 
* Fee paid to the railroad operator for each passenger 
carried. 
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respectively. These limited increases are due to the 
minimal reliability improvements on these lines noted 
above. Since this plan was designed as a short-term 
alternative, its long-term growth potential was not 
analyzed. 


5.3.3 Projected Revenues 


An increase in revenue of $1,240,000 (13.9%) is projected 
systemwide for this alternative. Northside revenue would 
increase 10.2% or $550,000 and Southside revenue would be 
up 20.0% or $490,000. The largest percentage increases 

are expected on the Framingham (32.5%) and Franklin (22.2%). 
However, the largest absolute increase in revenues are 
projected for the Shore Line ($290,000) and New Hampshire 
Line ($230,000). The smallest relative and absolute in- 
creases are projected for the Reading ($60,000 or 5.3%) 

and Eastern Lines ($50,000 or 2.8%) under this alternative. 


5.4 PLAN B 


As described in Chapter 4, Plan B is a stabilized service 
alternative which was designed to provide a reliable service 
and a long-term committment to commuter rail. Capital 
investment objectives would be to make permanent invest- 
ments in those areas which affect continuance or reliability 
of service and to emphasize on-train improvements. 


5.42 Ly Coésts 


System-wide, the gross operating cost under Plan B would 
be $30,530,000, which is 13% less than the cost of oper- 
ating the present system. Fixed costs are $4,779,999 or 
16% of the total costs; allocated overhead totals 
$24/4577, 000 .S ore e%7 and? $23,294; 000; or 76% would: be: the 
costs that vary with level of service provided. 


Under this alternative the estimated gross costs of oper- 
ating North and Southside commuter rail service are 
$17,801,000 and $12,729,000, respectively. Northside 

costs are 16% less than base (1977) costs; a decrease which 
is due almost entirely to a 49% decline in maintenance 

of equipment costs (even though more equipment is required). 
Only new and rebuilt locomotives and new coaches* will be 
used to provide service, as mentioned earlier in this 
report; this equipment is much less costly to maintain 

than the old RDC's used in the base case. 


Southside costs are 3% less than operating costs in the 
base case. As in the Northside, maintenance of equipment 
costs are lower (19%) than in the base case, but these 
Savings are tempered by increased insurance costs (more 
equipment is needed) and increased fuel costs. 


*Some coaches would be converted Budd cars, in like-new 
condition. 
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The Northside costs are: Transportation Department, 
$9,137,000; Mechanical Department, $3,464,000; Engineering 
Department, $3,190,000; All other departments, passenger 
incentive and insurance, $2,010,000. Southside costs 

are: Transportation Department costs, $6,344,000; Mechanical 
Department, $3,677,000; Engineering Department, $864,000; 
all other departments, passenger incentives, insurance 

and management fee, $1,844,000. 


The total capital outlay required to operate under Plan B 
is $149,167,000. This total cost would result in annual- 
ized capital cost of $14,309,000. Capital projects would 
include a maintenance facility, upgrade of tracks and 
bridges, signal renewal dnd new equipment. As in the 
previous alternative, a large portion of the capital 
improvements would be programmed for the Northside of 

the system. The total capital costs for the Northside and 
Southside under Plan B are $101,677,000 and $47,490,000, 
respectively. 


5.4.2 Projected Ridership and Growth Potential 


Implementing Plan B would result in improvements in line- 
haul travel times on most of the commuter rail lines. 
Line-haul time improvements would range from 25% on the 
Fitchburg Line and 18% on the New Hampshire Line, while 
at the other end of the spectrum Shore Line times would 
remain unchanged. In addition, under Plan B, service 
reliability (average lateness) is expected to improve 

93% systemwide and service frequencies would improve only 
on the Framingham Line (17%) with an additional train put 
in service an the line. 


These service improvements are expected to increase rider- 
ship systemwide an estimated 26% with Northside ridership 
increaseing 2,000 or 24% and Southside ridership up an 
estimated 1,885 persons or 27.5%. Under this alternative, 
Framingham (40%) and Franklin (31.2%) would have the great- 
est relative gains. The Shore Line (23.6%) and Reading 
Line (23.4%) showed the smallest relative gains but would 
have the largest absolute gains in daily ridership 
increasing 970 and 520 persons respectively. 


Growth in the potential market, as derived from projected 
increases in downtown work trips, is shown in Table 5-6 
for each corridor in both the near term (1985) and long 
term (2005). The growth rate is projected to be more 
rapid in the near term than in the following 20 years. 
The Northside market increases 17.4% in the near term and 
Only an additional 4.6% in the long term. On the South- 
Side, the near term growth is 14.3% and in the long term, 
an additional 7%. System-wide the growth is projected at 
16% in the near term, and an additional 5.7% in the long 
term. The above suggests a post 1985 slowdown in population 
growth in the commuter rail suburbs as well as a somewhat 
decreasing orientation of work trips generated in these 
suburbs to downtown during this long term period. 
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On a line by line basis, the Shore Line and Reading 
corridors show the greatest near term growth (20.7% and 
20.1%, respectively), with the Framingham and Needham 
corridors showing the least growth. In the following 

20 years the projected trends are somewhat reversed, with 
Needham showing the largest growth potential and Reading 
slowing down considerably. Over the entire 28 year time. 
frame, the Shore Line and the Fitchburg corridors share 
the largest potential growth (30% and 27%). As noted 

in section 5.2.1 these figures do not attempt to 

predict any increases or decreases in market share due 

to the changing characteristics of competing modes, 
primarily auto, in each corridor. 


SB. 4.3 Projected Revenues 


By implementing Plan B, systemwide annual revenues would 
increase $2.27 mlllion or 25.6% with Northside revenue up 
..4.% and Southside revenue up 27.5%. The Framingham and 
Franklin line would have the largest relative rise in 
revenue increasing 40% and 30.5% respectively, while the 
Shore Line ($500,000) and Eastern Line ($400,000) would 
generate the largest absolute increase in annual revenues. 
On the other hand, the Fitchburg and Reading Lines would 
generate the smallest relative increase in revenues up 
23%. 


5. 5:54 PEANLC 


As described in Chapter 4, Plan 'C is the most optimistic 
rail alternative, which was designed to significantly 
upgrade the rail system, to provide fast, frequent, and 
reliable service throughout, capital investment in’ Plan C 
would make permanent improvements to upgrade service to 
near rapid transit levels, including equipment, right-oft- 
way, maintenance facilities, station modernization and 
expanded parking areas. 


aL fo SCS 


The estimated gross cost of operating the Plan C 
alternative system is $42,885,000 or 24% greater than 
current operating costs. This represents a 12% and 30% 
increase in Northside and Southside costs respectively, 
over estimated 1977 gross costs.. The increase in North- 
side costs is moderated primarily by at least two factors. 
The first factor is the maintenance of equipment. It | 
interesting to note than Plan C requires 48% more equip- 
ment than was needed in the base case, however, Mechanical 
Department Costs are 10% less. This difference in costs 


is due to the elimination of all Budd cars as such and 

the exclusive use of locomotives and coaches. The locomo- 
tives are still relatively costly to maintain, but maintain- 
ing a new coach costs approximately two thirds less than 
maintaining an old Budd car. The second factor is the 
decrease in the number of non-operating personnel needed 
because of the elimination of six signal towers and one 
drawbridge. 


The Northside costs are as follows: Transportation Depart- 
ment, $12,596,000; Mechanical Department, $5,384,000; 
Engineering Department, $3,189,999; all other departments, 
insurance and passenger incentive, $2,921,000; total gross 
costs, $24,091,000. The Southside costs are: Transportation 
Department, $10,514,000; Mechanical Department, $4,872,000; 
Engineering Department, $864,000; all other departments, 
StC. a4, 944,000; total Gross costs, sis,7/92,7000-; 


Fixed costs account for 10% of total gross costs, 83% of 
total costs vary with the service provided and the remain- 
ing 7% are allocated overhead costs. The estimated capital 
program required for this system is $330,375,000, or 
$31,344,000 per year annualized. The total capital expendi- 
tures on the Northside and Southside under Plan C are 
$235,436,000 and $94,927,000, respectively. This program 
includes many types of improvements - track, rolling stock, 
Signals, bridges and maintenance facilities. 


Da J- 2) erro JeCcted Ridershipsand» Growth Porential 


Under Plan C, level of service improvements in the form of 
lowered line-haul times, increased service frequency and 
enhanced service reliability are expected on all lines in 
varying degrees (see Chapter 4 for description). As such, 
Plan C showed the largest gains in daily ridership relative 
to the other alternatives. It should be noted that to 
maintain consistency with the North Shore Transit Study, 

it was assumed that express bus service to the North Shore 
would be substantially cut back improving the market capture 
of commucer, rail in this corridor. . In) addition,? theariden- 
ship forecasts on several lines also reflect the impact of 
several new rail stations programmed under this alternative. 
There are three new rail stations on the New Hampshire Line 
(Tufts, Mishawum, and I-495/Lowell), two on the Shore Line 
(VFW Parkway and West Stoughton), and one on each of the 
Eastern (Chelsea) and Reading (I-93) and Framingham (West 
Natick) Lines. 


By implementing Plan C, daily ridership would increase 
12,500 or 85% over current daily boardings. (At a capital 
cost of $330 million in addition to over $100 million from 
CRIP and CRIP II.). The Northside ridership would increase 
92% and the Southside 65.2%. This disparity is due to the 
special circumstances associated with the Eastern Line. 
The Eastern Line itself would have the largest absolute 
(4300) and relative increase (170%) of any single line. 
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The Eastern Line alone accounts for 37% of the total system- 
wide increase: Of the remaining lines, the New Hampshire 
(78.5%) and Franklin (72.3%) Lines would have the largest 
relative increase and Shore Line would have the largest 
absolute increase in daily riders (2150). The smallest 
increases would occur on the Needham (55.8%) and Fitchburg 
(46.2%) Lines. 


Growth in the potential market for Plan C service is 
shown in Table 5-7. The projected pattern here is very 
similar, in terms of percentage growth, to the pattern 
shown for Plan B in Table 5-6. The absolute values are 
of course higher because of the higher estimated base 
year (1977) riders due to the better service. There 
are minor differences in the growth rates compared to 
Plan B because of minor differences in the composition 
of the Plan C market by municipality. Again, there is 
no attempt here to predict any change in market share 
due to changes in the characteristics of competing modes 
in each corridor. 


5.523% Projected Revenues 


Consistent with the large increase in ridership discussed 
above, Plan C would generate an equally large increase in 
annual revenue totaling $7.48 million or an 84.3% increase 
over recent annual revenues (1977). The Northside revenue 
would increase 96% and the Southside 65.8%. As in the case 
of ridership, the Eastern Line would generate the largest 
increase in revenue rising 169%. Of the remaining lines, 
the New Hampshire and Framingham Lines generate the largest 
relative increases in revenue gaining 78% and 73%, 
respectively. The smallest relative increases would occur 
on the Needham (54.8%) and Fitchburg (46%) Lines. In 
absolute terms the Shore Line would generate the largest 
increase in revenues ($1,130,000) and Framingham the 
smallest ($290,000). 


Lu 
J NWid - LDUVW WILNSLOd NI HLMOW9 oe 
= d W,° 
be 

0°S 0°CC G6LEE T 97 O8TcEe OCLtS Te}oL, weysds 
c°9 L°ce GSLET v°ST Ovéctl OTcTTt TeyOoRWnNS 
Ome 0°0€ GZOL eee 0659 01S auT'T er0us 
O°L 8°8T 06SZ2 0 UE OC VC O8Tcd uTTYxueAYT 
9°S O°sT 079C L°tt O8tc OcCCcC WeEUPION 
0°¢ G°8 OcSsT p°9 O6rT O0OrT weybutTwerg 

eptsyyNnos 
rn t atc 0v00Zd G°9T OVC6T OTS9T Teyo RNs 
L°OT EMLE OOTE L°8st 008d O9ET brnqyuojytad 
ey eee, 00°C O€LD 8°ST OL OCBE satysduey MeN 
9°E €° v2 OZEP 7°02 OLTt OLDE HuTpesy 
90°0 0°ST 068L O°T OV8L 0989 ure zsed 

G00z G86t AtYysropTyY S86T Oo ueTd dtysirepty @ptsyuyION 

-G86T -LL6T TetquUeVOd -LL6T dtysropty D uetd 
abueyo abueyo ebueyd [etryuejog po zewt3sgd 
RUs0DISq  WyUs0ID” qUsNDAI0g 


SOOC APPA G86T 4te9A LL6oT 


84 


5.6 COMMUTER BUS ALTERNATIVE 


As described in Chapter 4, the Commuter Bus Alternative © 

was designed to provide commuter bus service that would 
replicate as much as possible the current commuter rail 
service. In some cases, this would provide a station with 
non-stop service to downtown, while in other cases i9 

would provide service that stops in a few locations before 
travelling express to downtown.- Some services would operate 
as shuttles to existing rapid transit services. 


Ss O27 “COSTS 


The estimated total gross cost of operating the commuter 
bus service is $18,136,000 (47% less than current costs) 
with Northside and Southside costs being $2,306,000 and 

$9,830,000 respectively. The breakdown of the Northside 
costs by department are: Transportation - $4,075,000; 


Mechanical (includes bus fuel costs) - $2,950,000; 
Engineering (includes the maintenance of bus shelters, 
stop signs, etc.) - $126,000; Insurance claims and damages 


- $179,000; Overhead - $976,000. The costs by category on 
the Southside are: Transportation - $4,424,000; Mechani- 
cal - $3,695,000; Engineering - $343,000; Insurance, 
claims and damages - $213,000; Overhead - $1,155,000. 


Of the total operating costs, 12% is allocated overhead 
and 88% varies with the level of service provided. There 
are fixed costs associated with operating bus service, 
however, the number of bus routes operated by the MBTA 
makes it impossible to allocate them to specific routes. 
Further, many of the fixed costs associated with operating 
the bus service would be incurred only if such service 
were implemented in full. These costs relate primarily to the 
required new bus garages and terminal facilities, which 
would be sized to meet the amount of service to be 
offered. It can be seen from Table 5-3 that operation 

of the entire replacement bus system would result in a 
savings of $16,337,000. 


In order to operate this system, the MBTA would need to 
purchase 262 new buses, build two new bus garages, and 
provide three new or rebuilt terminal facilities ata 
total capital cost of $31,460,000. This is an annual- 
ized cost of $3,904,000 (capital costs include cost for 
garage and terminal facilities). 


5.6.2 Projected Ridership and Growth Potential 


The existing highway system does not permit the Commuter 
Bus service to provide line-haul times comparable to the 
existing commuter rail system. This disparity is most 
notable along the Eastern Route and along the commuter 
rail lines in Boston's southwest corridor. On the East- 
ern and Franklin Lines, travel times at some points would 


increase as much as 40% to 70% relative to present rail 
times. However, the commuter bus service that would oper- 
ate in the Framingham and Fitchburg Line* corridors and in 
parts of the Needham and Reading Branch corridors would 
provide a level of service comparable to the present rail 
service. 


Table 5-8 shows the growth in the potential market for 
commuter bus service. Again, there are similarities with 
the percentage growth projections for Plans B and C shown 
in Tables 5-6 and 5-7. In most cases the absolute values 
are lower because of the generally inferior bus service. 
Again there is no attempt to predict any changes in market 
share due to changes in the characteristics of competing 
modes. 


5.6.3 Projected Revenues 


Assuming the use of existing rail fare structures, the 
commuter bus alternative would result in a 46% system-wide 
reduction in annual revenues ($2.56 million). Northside 
and Southside revenue losses would be about 33% and 27%, 
respectively. 


The decrease from recent annual (1977) levels of commuter 
rail revenues would amount to $790,000 on the Eastern 
Route, $570,000 on the New Hampshire, and $500,000 on the 
Shore Line. Smaller decreases would occur on the Reading 
($190,000) and Fitchburg ($170,000) Lines, while revenues 
on the Framingham Line would increase $10,000. 


*with service on the Fitchburg Line running to Alewife 
Station on the Red Line extension 
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6.0 DETAILED ANALYSIS OF EACH LINE 


6.1 INTRODUCTION 


For each service corridor, three levels of investment in 
commuter rail, and one possible express bus alternative 
were examined in the CRIP Plan Refinement Study. Each of 
these alternatives was analyzed on a systemwide basis, a 
line-by-line basis and a regional impacts basis. This 
chapter deals with the line-by-line impacts, and makes 
recommendations to guide the development of a long-term 
commuter rail program. In some corridors, the need for 
capital investment is clear from the data presented. [In 
Other areas, operational changes must be brought about 
to test for possible positive market response. 


Costs, ridership, and revenues were determined for each 
alternative, and are described in the previous chapter. 
Each commuter rail line was then analyzed separately with 
regard to the cost and ridership implications of adopting 
each level of investment or the commuter bus service. 
Both capital costs and net costs of service in relation 
to the ridership were important considerations in 
arriving at the findings. Evaluation criteria were set 
up based on these measures. 


Each line was also evaluated in relation to impact on 
parking, traffic, and freight service in the region. 


6.2 EVALUATION CRITERIA 


As mentioned in Section 6.1, a set of criteria was 

used for assessing the efficiency and cost-effectiveness 
of each of the alternatives analyzed. The criteria used 
reflect the goals of minimizing costs while maximizing 
transit ridership. These criteria were applied ona 
line-by-line basis, and on a system-wide basis. The 
system-wide results were not an average of line-by-line 
results, since they incorporate fixed, system-wide oper- 
ating costs and system-wide capital costs. Northside 
and Southside services were analyzed separately since 
all costs and revenues are separable and independent. 


Cost figures used were capital costs, annualized capital 
costs and operating costs. The capital costs were based 
on MBTA commuter rail department estimates, which were 
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based on studies by consultants, or on recently bid 
construction contracts. Equipment costs were also based 

on recent contracts but were averaged by line to reflect 

a mix of new and old equipment. The calculation of oper- 
ating costs is described in detail in Technical Appendix A, 
including the determination of train schedules, train miles, 
crew usage, and maintenance needs. Unit costs are all 
based on actual costs from the 1977 operation. Bus costs 
are based on operation by the MBTA even though in some cases 
the service would be operated by private carrier. As a 
result, bus costs portrayed in this analysis will tend to 
be higher than what might actually be experienced. 


Ridership calculations are based on level of service and 
train reliability. The process of calculating ridership 
is described in Technical Appendix B. Revenues are cal- 
culated based on ridership and the average fare* at each 
Station; they are annualized on a line-by-line basis. 


All of the items mentioned above were used to calculate 
three cost-effectiveness measures - net cost of service per 
trip, annualized capital cost per new trip, and revenue-to- 
cost ratio. Net cost of service per trip represents the 
MBTA net deficit for each commuter rail rider. It equals 
the annual operating cost plus the debt service on the 
capital cost (20 percent of the annualized capital cost) 
minus the annual revenue, all divided by the number of 
fares paid (annual ridership). The second measure is 
indicative of the capital cost needed to attract each new 
rider, and equals the annualized capital cost divided by 
the difference between annual ridership for the alternative 
and annual ridership for the present system. The last 
measure is similar to an operating cost ratio, but it also 
includes debt service requirements. This measure ts: ‘cal 
culated by dividing revenue by the sum of operating cost 
and debt service on the capital cost. 


6.3 DEVELOPMENT OF A COMPOSITE SYSTEM FOR 
IMPACT ANALYSIS 


The data generated through the CRIP Plan Refinement Study 
reveals that the case for high priority capital investment 
is particularly strong in four corridors, and near-term 
capital programming efforts are expected to be consistent 
with these conclusions. In one corridor, the Needham Line, 
a test of express bus service will be necessitated by 
railroad reconstruction in the Southwest Corridor. On most 
other branches, capital improvement demands are relatively 


pee. EE ie A Ee te. 

* Average fare at each station is based on the various types 
of ticket purcheses recorded at each station, i.e. monthly 
tickets, one ride tickets, discount tickets, etc. 
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Minor, and service decisions can be made on the basis of 
Operating results. This document has not attempted to 
forecast the long-term facility decisions for each line-- 
decisions which will be made in response to actual rider- 
ship and revenue data. However, it is necessary to 
document the economic and environmental implications of 
changing the configuration of the region's rail network. 

To illustrate the impact of cutting rail service, a 
composite network was created for testing. That network 
assumes rail cutbacks on the Gloucester Branch, the Reading 
Route and the Fitchburg Division. On the Southside, both 
the Framingham Line and the Needham Line are assumed to be 
served with express buses. This configuration was developed 
in the study to illustrate what was felt to be the maximum 
facility alteration still under policy consideration. The 
existence of a composite system for testing in no way 
implies a plan recommendation for a final network config- 
uration. Such a final system would be the longterm result 
of line-by-line operating decisions made over the next 
decade. Table 6-1 summarizes the results of the evaluation 
analysis used in developing the composite system. 


6.3.1 Eastern Route to Ipswich 


Considerable capital investment is required to maintain 
rail operations on the Eastern Route Main Line. However, 
due to the lack of a free-flowing highway in the corridor, 
bus replacement service could attract only 55 percent of 
present rail riders. In addition, congestion on the 
Mystic River Bridge and Central Artery would be aggravated 
by the additional buses and autos if rail-.service were 
discontinued. Upgrading service to 1957 levels (Plan C) 
would cost almost $78 million. But, by providing 

commuter rail service frequencies of six minutes to 

Lynn, many of the present express bus routes from Lynn 

to Boston could be eliminated. Daily inbound ridership 
under this plan would be 6,680, and the net cost of 
service per trip is the lowest of any option ($1.86). 


With the extension of Blue Line service to Lynn, six- 
minute headways on commuter rail are not justified; 
improvements should be made to the level of= Plan B. 


The available parking space at Beverly station is 
presently being fully utilized. An additional 50 
Spaces could be provided which would meet short-run 
increases in demand. However, the projected ridership 
under Plan C would require approximately 450 more 
spaces at Beverly and another 160 spaces at 
Swampscott. 


+ Alternatives 


1 


Capital Cost 
Inbound Riders 
Revenue 
Operating Cost 
NCS/trip 
ACC/new trip 
REV/ (OC+. 2ACC) 


READING 
Capital Cost 
Inbound Riders 
Revenue 
Operating Cost 
NCS/trip 
ACC/new trip 
REV/ (OC+. 2ACC) 


NEW HAMPSHIRE 
Capital Cost 
Inbound Riders 
Revenue 
Operating Cost 
NCS/trip 
ACC/new trip 
REV/ (OC+. 2ACC) 


FITCHBURG 
Capital Cost 
Inbound Riders 
Revenue 
Operating Cost 
NCS/trip 
ACC/new trip 
REV/ (OC+.2ACC) 


N. SYSTEM 
Capital Cost 
Inbound Riders 
Revenue 
Operating Cost 
NCS/trip 
ACC/new trip 
REV / (OC+. 2ACC) 


Plan A). 


EVALUATION OF ALTERNATIVES: 


Key to abbreviations: 
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l Eastern Rte. figures include Gloucester Br. 
2 Includes leased Toronto "GO" Coaches 
3 Due to ridership loss, calculation of this measure is not meaningful. 

with-towest net cost of service per trip for each line. (excluding 


is the state and local share (20%) of ACC. 


NORTHSIDE 


NcS is net cost of service; 
operating cost; ACC is annualized (i.e. amortized) capital cost; .2ACC 


REV’ "is ‘revenue; 


oc is 


" Plan A 
Present . ("GO" 2 Commuter 
System Coaches) Plan B Plan C Bus 
(Fall 77) : 

--- 26,657 46,811 101,383* ‘3,494 
25250. 2,620 3,190 6,860 1,410 
1,768 — 1,816 25 ele 4,756 977 
6,637 5,790 5,340 9,489 3,032 

S43 3.06 2.20 1770" 2.66 

aoe 77.45 12.19 3.96 NM= 

.266 .314 2355 415 e312 

aa 1,983 pi pig by Br 20,841 1,654 
2,220 1,983 2,740 3,470 1,860 
Leas VALT5 L397 1,743 934 
3,585 3,199 2,849 3,526 895 

1.98 1.58 1.09 £318 0.00°- 

--- 3228 3.55 22-91, NM 

mig jaa .362 451 443 .992 

--- 3,988 1 ey ANG A 40,651 2,943 
2,140 2,510 2,690 3,820 1,250 
1,368 1,604 1 aed 2,443 799 

2.54 1.59 1.63 1.567 3.05 

— 1.94 5.57 tere NM 

FILL .419 413 424 pe 

--- 5,825 18,719 46,210 1,746 
1,600 1,890 1,980 2,340 1,360 
1,149 1,357 Vopaze 1,680 976 
3,535 2,763 2,738 3,604 1,539 

2.55 1.38 1.45 2.07 ny iT A 

--- 3.40 8.03 10.39 NM 

£325 .472 . 460 .373 -615 

—- 38,453 TOPSbI7 236,747 307282 
8,510 9,360 10,600 16,490 5,880 
5,400 5,952 6,731 10,622 3,686 

21,307 18,645 17,896 24,736 8,306 

3.29 2.55 2.18 2.00 1.49 

--- 8.91 8.15 5.05 NM 

.253 .305 .339 pee? 429 


Tb1.6-2 shows Gloucester Br. separately 


Plan 


Present ("GO" Commuter 

System Coaches) Plan B PranrG Bus 
FRAMINGHAM (Fall 1977) : 
Capital Cost --- 1,076 4,467 6,681 1,654 
Inbound Riders 850 7 ue 1,190 1,450 860 
Revenue 402... 530 563 686 407 
Operating Cost oS. 1,320 Ly Zo 02: 2,699 805 
NCS/trip 1v4a 1.40 163 2h 2.85 0.997 
ACC/new trip === 0.87 2.49 2aad NM3 
REV/ (OC+.2ACC) - 390 - 394 - 408 ~ 242 - 478 
NEEDHAM , 
Capital Cost -—- 2,646 13,432 19,2423 Leash 
Inbound Riders 1,470 1,220 Bo 7A te Bhd Noy 
Revenue 620 <23 780 957 485 
Operating Cost 2,582 3,859 27,872 3,446 861 
NCS/trip . 2.53 3.52 2.41 2.48 0.697 
ACC/new trip aoe 2.06 55.540) 5.60 NM 
REV/ (OC+. 2ACC) - 240 epi bg .249 ~244 .ao0 
FRANKLIN 
Bapital, cost -—— 20s 8,349 2o2,020 2,339 
Inbound Riders ML ped sha 1 1,660 27.90 710 
Revenue 718 880 943 122368 403 
Operating Cost Sera apes they sys ey to russ Zp 308 
NCS/trip 1.49 1.04 #. E47 1.87 5.49 
ACC/new trip --- etre 3.90 2p oP NM 
REV/ (OC+. 2ACC) ae L 507 ~ 487 - 366 .164 
SHORE LINE 
Capital Cost ——— 3,690 15,742 28,014 5,609 
Inbound Riders 3,260 37810 4,030 5,410 21,320 
Revenue 15 720 27010 Dai25 2,854 phn Paes 
Operating Cost she bear 4,974 5} 064 7,784 Sra 
NCS/trip 2958 1.50 L526 ieee 35o2 
ACC/new trip ——— bs42 3033 dpe NM 
REV/ (OC+. 2ACC) 281 9397 Ae AS Fa Re pe - 206 
Se oLSlt EM 
Capital Cost --< To 42d 47,490 93,628 1 pep re 
Inbound Riders 6,845 8,200 Spt 30 Aart BG 5,040 
Revenue 3,460 4,145 4,411 eS 27 one 
Operating Cost 13,168 PES Cycle A apa Pale Lys br oii key 9,830 
NCS/trip 2.68 oes eeu 2.46 2585 
AcC/new trip 2.68 nee 4.65 3.58 NM 
REV/ (OC+.2ACC) 2 Oss -299 ng pe - 280 ~248 


2 Includes Leased Toronto "GO"Coaches. 
3 Due to ridership loss in most cases, calculation of this measure is not meaningful. 


, Alternatives with lowest net cost of service per trip of each line (excluding 
wlan A). 


EVALUATION OF ALTERNATIVES: SOUTHSIDE 


®y to abbreviations: NCS is net cost of service; REV is revenue; OC is 
Perating cost; ACC is annualized (i.e. amortized) capital cost; .2AccC is 
he state and local share (20%) of ACC. 


6. 


= 


3.2 Gloucester Branch 


The cost-effectiveness of investments in the Gloucester 
Branch is very low when compared to investments in other 
lines. Two factors contribute to this situation. First, 
the physical condition of the line is very poor with 

two bridges badly in need of reconstruction. Second, 
auto ownership in Rockport, Gloucester and Manchester is 
high; over 93 percent of the present Gloucester Branch 
riders have automobiles. Since Route 128 parallels the 
branch for most of its length it provides a good means 
of access to Eastern Main line stations. Therefore, the 
discontinuance of service on the branch would result in 
an estimated loss of less than 20 percent of the present 
500 boardings, even if no buses or shuttle buses were 
provided. Development of additional Eastern Route 
parking with access from Route 128 would be important 

to the success of discontinuing service on this branch. 
But, even without that station, an estimated 65 percent 
of the Gloucester riders would continue to use commuter 
rail. Parking improvements on the Ipswich Branch would 
be required to accommodate this shifted demand. Swe 
million of capital and $0.83 million of operating costs 
per year would be saved by discontinuing service on this 
branch. Net cost of service per trip is almost $8.00, 
which is very high when compared to other lines. The 
costs of continuing service on the Gloucester Branch 

are provided in Table 6-2. 


This line is currently under study for discontinuance 
of freight service by the B&M, as specified in the 
1977 Massachusetts rail plan. Furthermore, it is a 
line noted by the B&M as a possible candidate for 
abandonment if commuter rail service is discontinued. 
Four or five shippers located in Gloucester and Rock- 
port generate all of the freight using this Line. 
Freight movement is minimal (about 300 carloads in 
1976) and has decreased from 1972 to 1976. Track is 
in poor condition (Class 2). If this line is abandoned, 
it is likely that one of the shippers would be forced 
out of business. 


3.3 Reading Branch 


Bus service results in retention of 84 percent of present 
riders. In addition, the operating cost for new 

service would be nearly offset by revenues. Some refine- 
ment of the proposed bus schedules might show even more 
favorable results. 
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Continuation of rail service requires less capital 

than on any other line (except the Framingham and 
Franklin lines, which are both special cases), and the 
net cost of service per trip is the lowest in the 
region. However, due to competition from I-93 and 

the Orange Line, ridership on the Reading Line continues 
to decline, decreasing by one third since 1974, an 
annual rate of decline of more than seven percent. 


The net impact of all of these factors indicates that 
even though rail service performs well now, its operating 
efficiency will probably decline in the future. 


As the MBTA acquires new equipment, including coaches 
proposed to be leased from Toronto-.on an interim basis, 

it will be possible to offer an improved service. The 
results of these improvements should be monitored 
closely over a two-year period and reviewed. Plans 
should be developed for providing bus service at the 
end of this period if such action should be indicated 
on the basis of this review. 


Presently, an average of 11 shippers use the freight 
service on this line, and carloads handled have 
decreased significantly from 1972 to 1976.1 Track 
conditions are between Classes 2 and 3 (speeds of up to 
50 mph). The B&M mentioned this line as a possible 
candidate for abandonment if commuter rail service is 
eliminated. However, most of the freight is handled on 
the inner segment of the line, which is less likely to 
be abandoned. 


If bus service on the Reading Branch was operated as a 
replacement service for rail, there would be an impact 
on parking at the Oak Grove, Wellington and Sullivan 
Square Orange Line stations. With the construction of 
the Mishawum station on the New Hampshire Line, the 
transfer of commuter rail riders to the Orange Line 
would be small; without the new station there would be 
some increase in parking demand at Oak Grove (30 cars), 
Wellington (five cars), and Sullivan Square (13 cars). 
This increase in demand would cause a problem at Sullivan 
since current parkings needs exceed the capacity at the 
station. 


I Carloads have decreased by 37 percent, from 2,600 to 
1,600, on the Western Route Main Line (Medford to 
Lowell Jct.). However, these figures do not include 
the carloads handled in Medford, Edgeworth and Lowell 
Jct., due to insufficient data sources. 
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6.3.4 New Hampshire Division 


Bus service in this corridor does not do very well, 
while improving the rail service would increase rider- 
ship from 25 to 80 percent. It is recommended that the 
right-of-way be improved to the Plan B level, while 
equipment and service should be improved to a Plan C 
level. Hence, less capital investments would be required 
than for the full Plan C level. Still, an estimated 
74 percent increase in ridership would result. 
Improvement to this level reduces net cost of service 
per trip to $1.48, and increases revenues to cover over 
44 percent of the operating costs plus debt service. 


Parking space is being well utilized at stations on this 
line. The increase in ridership projected under 

Plan C service levels will require additional parking. 
At Wilmington and North Billerica, there is sufficient 
Space available through new or expanded lots to 
accommodate these increases. However, at Winchester 

and Wedgemere, 85-90 new spaces will be needed, and at 
Lowell increased ridership will require 165 more 

spaces. 


3.5 Fitchburg Route 


Direct bus service to downtown Boston performs very 
poorly in this corridor, but bus service to an Alewife 
Station on the Red Line is a strong alternative to 
commuter rail service. Hence, any switchover to bus 
is not feasible at least until that station is open. 


Another factor of importance is that a rapid transit 
Station at Alewife would attract commuter rail patrons 
to the Red Line. However, the transfer station at 
Porter Square could counterbalance this impact. An 
alternative bus service could have this same result. 
Further analysis should await the opening of the Red 
Line so that the evaluation can be based on the actual 
rather than the projected impacts of the Red Line 
extension. Limited investments (Plan A) should be 
made in order to maintain service at current levels. 


It is likely that freight service will continue on the 
Fitchburg route no matter what happens with commuter rail 
Or rapid transit service. The B&M was questioned 
concerning the importance of commuter rail to continuance 
of freight service, and the Fitchburg line was one 

which they mentioned would remain in service. This is 
reinforced by the fact that freight movements remained 
relatively constant from 1972 to 1976 while declining on 
other B&M lines. However, the overall condition of the 
track on this line is not good, as indicated by maximum 
allowable passenger speeds of 25-40 mph. Therefore it 
could not remain in service for an extended period without 
increased maintenance. 
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The Fitchburg line has been a main freight route for the 
B&SM, but much of this freight will be shifted to the 
New Hampshire Division as construction of the Red Line 
progresses. Nevertheless, the West Cambridge yards 
will remain active and the Fitchburg Route will still 

be used as access to those yards. 


The implementation of replacement bus service on:the 
Fitchburg Line would result in a slight increase in 
parking demand at Riverside (five cars). Even if the 
increase is larger, there would be little strain on 
Riverside parking since proposed improvements to River- 
side should provide for this potential increase. 


If service on the Fitchburg Line is replaced by buses 
when the proposed Alewife station opens, there may be 
an increase in parking demand at that Station. Parking 
is expected to be tight at this new location, and 
additional cars from former commuter rail riders who 
drive to the station could not be accommodated. 


Any increases in ridership on the Fitchburg line would 
aggravate the tight parking which currently exists at' 
Concord and West Concord. Additional parking space can 
be made available through new or expanded lots at both 
of these stations and would be sufficient to accommodate 
any new spaces needed no matter what level of service 
improvement is eventually made to the line (up to Plan C, 
which would require 45-65 new spaces). 


3.6 Framingham Line 


Even though most right-of-way costs are being taken 

care of by ConRail, replacement bus service is a more 
cost-effective alternative to improved rail service. 

The existence of a free-flowing highway in the corridor 
greatly benefits the bus alternative. Further, private 
carrier bus service already exists, and its expansion 

to serve-the downtowns of the Western corridor suburbs 
woulda further improve the economics of bus service, since 
private carriers have lower operating costs than the MBTA. 
A trial period should be used to determine if the cost- 
effectiveness of the rail alternative can be improved 

and to gauge the success of new equipment in attracting 
riders. This trial should not be very costly since the 
right-of-way requires little or no expense. 


Because of its status as the major freight route in 
Massachusetts, this line will be maintained regardless 
of the status of commuter rail. Presently, ConRail is 
installing welded rail on most of the right-of-way. 
This is an obvious commitment to long-term continuation 
of freight service on this line. 
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Commuter bus service would carry at least as many 
patrons as the present rail service. Hence, no 
increase in parking demand at any rapid transit 
station would be likely as a result of replacing 
rail with bus. 


Any increases in ridership resulting from the rail 
experiments proposed for this line may create parking 
demands which cannot be met at certain stations. This 
is particularly true for Natick and Framingham, where 
no parking is currently available. Plan A improvements 
would result in a deficit of 34 spaces at Natick and 

90 at Framingham. 


3.7 Needham Branch 


Economic and statistical analyses indicate that bus 
service is a very efficient option in this corridor. 

Since construction of the relocated Orange Line will 
require bus service to be operated during the construction 
period, that bus service should be tested during a 
two-year trial period to confirm or refute these results. 
If the bus service proves to be unsuccessful, the rail- 
road should be restored to Plan B levels. 


There is presently no freight service on this line 
from Forest Hills to Needham Junction. Freight 
service on the segment from Needham Junction to 
Needham Heights will most likely be continued even. 
if commuter service is terminated. 


Commuter bus lines would result in an increase in 
demand for parking at both Riverside: and Forest Hills. 
The increase would be for PASSER URES oot 25 spaces at 
each location.. 


-3.8 Franklin Branch 


Many dollars have already been spent to upgrade the 
Franklin Branch right-of-way. Further, commuter bus 
service in this corridor would be less cost-effective 
than in any other corridor, with a net cost of service 
per trip of almost $5.50. Additional work should be 
done to bring the railroad to the level of Plan B. 
Extra equipment should be made available to increase 
frequencies as ridership responds to improvements. 


Parking at the three inner stations of Endicott, 
Islington and Norwood is currently at or beyond 
Capacity. To meet the parking needs for ridership 
projected under Plan B, a small number of new spaces 
(10-20) will be required at Endicott and Islington and 
about 50-60 will be required at Norwood. Presently, 
there is sufficient parking available at Walpole and 
Norfolk. The small increases in parking demand expected 
at these stations is within their available capacity. 
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6.3.9 Shore Line 


Again, Plan B is the preferred option; it shows a net 
cost of service per trip of $1.52. However, there is 

a significant opportunity to increase’ ridership (by an 
additional 42 percent) if equipment is available 

to improve frequencies. The only non-equipment costs on 
this line are for the Stoughton Branch ($2.25 million), 
and for parking improvements. 


Presently, parking space demand exceeds the supply 
available at Attleboro, Mansfield, Stoughton, Canton 
and Sharon; at Canton Junction, parking is almost 

at capacity. The expected increase in demand at Canton 
and Canton Junction can be met through new or expanded 
lots. However, increased demand at Sharon will require 
105 spaces; at Mansfield, 205 spaces; at Stoughton, 95 
spaces; and at Attleboro, 100 spaces. At Sharon, 
Stoughton and Attleboro, some spaces can be made available 
through new or expanded lots, but not enough to fully 
meet expected demand. 
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7.0 IMPACTS OF THE COMPOSITE SYSTEM 


This chapter discusses impacts. It should be understood 
that the recommended program of service testing and initial 
capital investment could result in any of several possible 
long term system configurations. The preceding chapter 
has recommended that certain lines be upgraded to Plan B 
or C levels, that others receive investment necessary to 
keep them in service during a period of trial, and that 
one line's temporary substitute bus service (Needham's) 

be evaluated after a similar trial period. In order to 
evaluate the potential impacts of the outcome and end of 
this trial period the study has examined the impacts of 
One possible "composite system" which includes some rail 
cut-backs and some major CRR line upgradings.and some 
commuter bus service. This system was chosen for 
illustrative testing because it reflects a logical maxi- 
mum amount of facility change from the existing conditions. 
It does not represent a policy or program recommendation. 


The composite system consists of commuter bus service on 
the Reading, Fitchburg, Framingham and Needham lines and 
various levels of rail improvements (specified in Chapter 
6) on the Eastern, New Hampshire, Franklin and Shore Lines. 
Improved service on the Eastern Main Line, and parking at 
Route 128 provide alternate service for the Gloucester 
Branch. This system was used as the basis for determining 
the impacts which are described in this chapter. Based 

on this service configuration, the following sections 
examine the composite system, impacts on service 
Operation, tne physical and natural environment, the 
regional economy and on persons with mobility handicaps. 


7:1 SERVICE OPERATION IMPACTS 


This section examines the impacts of the composite system 
On ridership revenues and operating cost and efficiency 
on both the Northside and Southside systems. Table 7-1 
presents the computed indices associated with each rail 
corridor under the present and composite system configur- 
ation (as described in Chapter 6) as well as the North- 
Side and Southside aggregate totals. For a description 
of these measures and how they were computed refer to 
sections 5. 2-and 6-2 and -6..3 of Sth s Graport: 
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Looking first at the Northside totals, the composite 
system is expected to carry an additional 5100 patrons 
daily which is a 41% increase over the present system. 
In turn, annual revenues would also increase from $5.4 
to $8.8 million while annual operating costs would drop 
from $21.3 to $17.5 million. Increased revenues coupled 
with lower operating costs would improve operating 
efficiency as indicated by the cost-effectiveness 
measures. Annual revenues per dollar of annual cost 
would improve from .253 to .438 and the net cost for each 
trip would drop from $3.29 and $1.50. The total capital 
outlay necessary to provide service under the Northside 
composite system is $136 million. 


On the Southside, daily ridership under the composite 
system is projected to increase by 1000 persons or 14.7% 
over the present system. As shown in Table 7-1, annual 
revenues would increase from $3.5 to $4 million and annual 
operating costs would fall from ST3IV2 to STlos2 i mireL eon. 
Accordingly, operating efficiency would improve with 
revenues per dollar of operating cost increasing from 
.26 to .36 and the net cost of service per trip falling 
from $2.68 to $1.70. The total capital outlay required 
to provide service under the Southside composite system 
1S, S320 on. 


In summary, the composite system would have a positive 
impact on ridership, revenues and cost-effectiveness on 
both the Northside and Southside. The Southside impacts 
would be more moderate relative to those indicated on the 
Northside. 


7.2 ENVIRONMENTAL IMPACTS 


This section examines the impacts of the composite system 
on highway and downtown street congestion, the need for 
bus terminal facilities, downtown parking, vehicle miles 
travelled in the region, fuel consumption and pollutant 
emissions. 


7.2.1 Access Highways 


The composite system would have an impact on selected 
streets and highways in the region. However, on a 
region-wide basis increases in traffic on some routes 
would be off set by decreases on other routes. The 
traffic increases would result from former rail riders 
who switch to commuter bus and auto use in some corridors 
while traffic decreases would result from auto users who 
are diverted to the upgraded commuter rail lines. 


NORTHSIDE 
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(1977) = EASTERN READING HAMPSHIRE FITCHBURG _SYSTEM 
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COST-EFFECTIVENESS 
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Commuter bus service would primarily affect traffic on I-93, 
the Central Artery, Route 2, Storrow Drive and the 
Massachusetts Turnpike. 


Buses from the Reading Station would approach Haymarket 
Square via I-93 and the Central Artery. The peak hour 
volume of six buses would not increase congestion on 
these routes. Auto traffic on I-93 and the Mystic 
River Bridge would remain nearly the same due to the 
counter-balancing effects: of the composite system. 


Rail service on the Fitchburg Route will continue in the 
short-term. In the long term, the majority of inbound 

buses serving the Fitchburg line would be routed to the new 
Alewife Station on the Red Line extension. These buses would 
approach the station from Route 2. Increased auto traffic 

on Route 2 and Storrow Drive would be 100 cars in the 

peak hour. 


Bus service for the Framingham and Needham routes would 
approach Boston via the Massachusetts Turnpike. The 
Turnpike normally operates well below capacity so that the 
additional peak hour buses using this route should cause 
no problem. The increase in auto traffic would be minimal. 
A special purpose lane could ensure continued free-flow 
traffic on the Turnpike in the long term. 


In summary, the number-of buses that would use access 
highways during peak periods is not substantial enough to 
cause traffic problems. Furthermore, the anticipated peak 
period increases in auto traffic should only have a minor 
impact on existing traffic flows. 


7.2.2 Downtown Streets 


Commuter buses would operate to the vicinity of Haymarket, 
South Station and Copley Square. To reach these 
destinations they would travel primarily over New Chardon, 
New Congress, New Sudbury and Federal Streets to the 
Haymarket bus terminal; Kneeland Street and Atlantic 
Avenue to South Station; and Dartmouth Street to Copley 
Square. 


At the present time there is very little peak period 
congestion on the streets required to access the Haymarket 
Station. During the peak ten minutes eight buses would be 
arriving at the station. 


Buses going to the South Station area and arriving via the 
Massachusetts Turnpike would cause or encounter no local 
street congestion, since the Turnpike's ramp is almost at 
South Station. However, those buses which would serve both 
South Station and Copley Square might affect Stuart/Eliot 
Street, Park Square and St. James Avenue. Since buses 
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follow this routing durixg the peak hour, efforts: must be 
made to alleviate any congestion problems. A rebuilt Park 
Square, which is part of the Park Plaza project, could be 
designed to alleviate one congestion point while the planned 
traffic signal at Arlington Street would remedy any problems 
encountered there. 


In the Copley Square area, buses could terminate at an on- 
street site at St. James Avenue, across from the Copley 
Plaza Hotel. In travelling to the St. James Avenue site, 
the:;:one potential cause of congestion is the left turn 
onto Dartmouth Street from the Massachusetts Turnpike exit 
ramp. This can be relieved by some simple traffic 
engineering. 


7.2.3 Downtown Parking 


Those present commuter rail riders who could not use the io. 
four commuter bus services would result in approximately 400 
additional cars destined for the Boston CBD. At the present 
time there is not enough parking available in many areas 

of the city where these new autos would be destined. 


The largest number of additional cars (190) would go to 

the area centering on South Station and the next largest 
impact (80 cars) during the peak period, would be in the 
area centering on the Prudential and John Hancock buildings 
and Government Center. Once again, it should be noted that 
these additional parking demands would in large part be 
counter-balanced by the decreased parking needs of auto 
users from other corridors who are diverted to the 

upgraded commuter rail lines. There may be some shifts 

in parking demand but the overall impact on downtown 

Boston would be negligible. 


7.2.4 Terminal Facilities 


Buses serving the Reading Station would terminate at Haymarket 
while other bus service for the Reading Line would operate 

to Oak Grove. When the extension of the Red Line to 

Alewife is completed, most of the bus service for Fitchburg 
would terminate at Alewife and a portion would operate to 
Harvard Square and Post Office Square. Most of the bus 
service for the Framingham and Needham Lines would terminate 
at South Station or Copley Square. 


During the peak hour, 8:00 to 9:00 AM, eight buses would be 
scheduled to arrive at Haymarket (one bus every ten minutes 
from Reading, and one bus at 8:00 and 8:30 from Kendall 
Green). The existing Haymarket Square bus loading area 1s 
already operating at capacity during peak hours, and certain 
MBTA and private carrier routes have to make curbside stops 
outside the busway. 
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Currently, 25 MBTA express buses and 21 local buses are 
scheduled to stop at the Haymarket busway between 8:00 

and 9:00 AM. The bus service specified under the composite 
system would increase congestion at this terminal: this 

would require a new, enlarged terminal or revised circulation 
patterns on the roads near the existing terminal to 
accommodate the demands of eight additional buses during 

the peak hour. 


On the Southside, 17 additional buses would arrive at both 
South Station and Copley Square during the peak hour, or an 
average of one every 3% minutes. The heaviest ten minutes 
\at South Station would be 8:20 to 8:30, when four buses 
would be scheduled to arrive. At Copley Square the peak 
ten minutes would be from 8:30 to 8:40 when five buses 
would arrive. 


The existing South Station busway is located off Atlantic 
Avenue on a site formerly occupied by railroad tracks. 

The busway is designed for run-through operation, and has 
two platforms, each capable of accommodating 13 to 14 buses. 
The main user of the busway is the Plymouth and Brockton 
Street Railway Company. The Gray Line -and Greyhound also 
route some buses there. Ten berths are used for current 

P&B operations. When the busway was designed, the MBTA was 
planning to terminate its Massachusetts Turnpike buses there, 
but because of objections from riders the terminal was left 
at Chauncy Street. Thus, the busway has considerable excess 
capacity and could accommodate the additional buses from 

the Framingham and Needham service. The design for the 
South Station complex being prepared in cooperation 

with the Northeast Corridor Improvement Program should 

be made to accommodate this. 


All commuter trains on the Southside stop at Back Bay as 
well as South Station. In the analysis it was assumed that 
bus service for Bacy Bay Station would be provided by a 
terminal in the Copley Square area. Location requirements 
for this station are complicated by the fact that some buses 
would approach from the Massachusetts Turnpike and Terminate 
at Copley, some would approach from the Turnpike and continue 
to South Station, some would approach from South Station and 
continue to the Turnpike. Therefore this site must have 
good access to and from the Turnpike and to and from roads 
leading to South Station. 


The site which best meets this requirement is on St. James 
Avenue next to the Plaza at Copley Square. Although this 
site is already being used for existing buses, a great 
increase in the number of buses stopping here might meet 
some community opposition. 
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The St. James Avenue site could accommodate six buses, 
which is sufficient to handle the commuter buses during 
the peak period. Some conflicts might arise with sight- 
seeing buses that presently use the site, but since most 
of these operate during off-peak hours, the conflicts 
would be minimal. The only capital cost required for the 
use of this site would be for a passenger shelter. 


7.2.5 Vehicle Miles of Travel (VMT's) 
Fuel Consumption and Emissions 


Under a composite system annual VMT's by autos would 
increase by 7.73 million in corridors served by the Reading, 
Fitchburg, Framingham and Needham Lines. Annual bus VMT =: 
increases would equal 1.33 million. The increases in auto 
VMT's would be balanced against decreases in other corridors 
(44.0 million VMT's) for a net regional decrease in auto 
VMT's of 36.3 million. Line by line estimates are provided 
Pet aD) etoi= 2 


Overall regional fuel consumption by autos would decrease 
by 2.13 million gallons per year while diesel fuel 
consumption by buses would increase by 183,000 gallons 
per year. 


On a regional basis, annual emissions would decrease as 
follows: hydrocarbons (HC) - 261.9 tons; carbon monoxide 
(CO) - 3594.5 tons; and nitrous oxide (NOX) = 100.4 tons. 
However, on a corridor basis the impact would vary 
substantially. 


In analyzing the impact of a composite system on fuel 
consumption and emissions, the effect of changes in rail 
VMT's over present levels was not measured. Therefore, 
any increases in rail VMT's would result in additional 
regional fuel consumption and emission impacts. 


7-3 ECONOMIC IMPACTS 


7.3.1 Encouragement of Development 


e Inter- Region vs. Intra«Region 


Since transportation is one of a number of factors which 
affects development patterns, any improvement to a region's 
transportation system by itself is usually not responsible 
for generating new development. It can reinforce existing 
patterns and by working in conjunction with other factors 
help to shape the pattern of future growth. Therefore, 
development which is linked to improved transportation 
facilities represents a shift rather than an absolute 
change in a region's level of economic activity. This is 
borne out by studies of transit system improvements in 
both the U.S. and Canada. Commuter rail improvements, 
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such as those specified in the composite system can work 
in a Similar manner to shape the region's growth and 
thereby support the state's growth policy. 


Two. goals of the state's growth policy are to rehabilitate 
economically depressed areas and promote higher levels of 
economic growth. They translate into objectives such as 

the stabilization of neighborhoods and the promotion of 
development in proximity to existing activity centers. 
Improvements to the transit system which increase accessibility 
between Boston and suburban areas would reinforce the economic 
stability of these areas and help revitalization efforts. 
Furthermore, since the commuter rail system already links 

a number of town centers with the Boston CBD, future develop- 
ment is encouraged to focus on these areas. By reinforcing 
development in existing centers, commuter rail would also 

help to curb haphazard growth and the resulting increased 
demand for infra-structure investments. This is in line with 
another goal of the state growth policy, namely, to promote 
more efficient use of physical and natural resources. 


Even though commuter rail improvements will support the 
state's growthupolicy, the service orientation of these 
changes make it unlikely that any significant development 
impacts would be immediately forthcoming. 


e Impacts on Land Use Categories 


There is very little evidence of land use impacts related 
to commuter rail system improvements. However, one 
example is found in Toronto's "GO" commuter rail system 
which began operations in 1967. It has been credited 
with encouraging a small amount of development, namely 
one apartment building and a commercial-retail mall near 
one of the "GO" stations. 


The case of Philadelphia offers an illustration of the 
potential impact of an existing commuter rail system. 

In metropolitan Philadelphia, the commuter rail network 
has not been substantially altered in the last twenty 
years. However, major service improvements involving 

the purchase of new equipment and increased service 
frequency have been underway since 1960. These have 
resulted in significant ridership increases and some 
associated apartment and commercial developments around 
selected commuter rail stations. But in most of the 

areas served by the system impacts were insignificant, 

in part due to the well-established nature of these areas. 
Boston's rail system, and many of the proposed improve- 
ments are quite similar to the experience of Philadelphia. 


In most cases, development linked to transportation 
improvements takes the form of office or residential 
use and, less. frequently, retail facilities. It is the 
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characteristics of certain forms of transportation such 

as rail rapid transit with the high ridership levels and 
frequent service which makes them more likely initiators 
of development impacts than commuter rail systems. 


@e Potential Impact of the Composite System 


Considering that the composite system uses two basic types 

of transit, an express bus system and a commuter rail svstem, 
it is likely that the latter of the two has a greater potential 
for encouraging some development. Although there is very 
little evidence of the differential land use impacts of various 
transit modes, the very nature of an express bus system 
suggests that it will have little influence on land development. 
First of all, a bus system does not have the same perceived 
deqree of permanence as 4 fixed rail system, since bus routes 
can easily be changed, and existing highways are used as 
rights-of-way. Therefore, it is unlikely that the same 
focusing of development evident with fixed rail systems 

would result from the initiation of an express bus service. 


Given that the commuter rail system has potential for 
influencing development in present market areas, the extent 

of that development is dependent on ridership levels and other 
factors affecting growth. The greatest potential is for some 
small scale growth around new stations if promoted by the 
local communities. If ridership levels increase significantly 
it is possible for some small, convenience retail facilities 


to locate in proximity to existing stations. 


An improved commuter rail system may not have a significant 
impact on Boston CBD land uses because of other factors 
involved in development decisions but it does serve as a 
positive reenforcement of the area's viability for existing 
businesses. The decrease in accessibility to downtown that 
would result from the termination of commuter rail service 
might bring some businesses to the point where they decide 
to leave the city. 


The most likely areas to experience increases in development 
in conjunction with commuter rail improvements are those 
areas adjacent to the proposed new commuter rail stations 
along Raute 128 (Mishawum) and Route 495 (Lowell). If 

there is sufficient demand in these areas, some new 

housing may be constructed near the rail stations. Such 

a development would have the advantage of good highway 

and transit access to both the Boston CBD and other 

suburban areas. 


7.3.2 Impacts on Freight Service 


The termination of selected commuter rail lines in the 
composite system would have no impact on freight service 
provided by Conrail but would affect service on two B&M 

lines - the Gloucester and the Reading. Sixteen B&M customers 
might lose rail freight service compared to about 90 who might 
lost service if all commuter rail service were discontinued. 
This is based on information supplied by B&M which specified 
that the discontinuance of all commuter service would result 
in many of their lines becoming candidates for abandonment 
(the New. Hampshire, the Eastern Route to Beverly, Fitchburg 
and Saugus lines would be retained). Conrail's freight 
operations would not be significantly affected by a 
termination of all commuter rail service. The impact of any 
discontinued commuter service on freight service and the 
regional economy would need to be analyzed in greater detail 
than is possible within the confines of this study. 


The abandonment of freight service can have a negative 
impact on the operations of the 16 firms served by the 
Gloucester and Reading lines. This impact can range from 
small increases in transport costs to operational cutbacks 
to the actual closing down of businesses. In large part, 
the extent of this impact is dependent on the type of 
activity in which the rail users are engaged and the type 
of goods being transported by rail. 


Bulky low value per weight commodities being shipped long 
distances tend to move by rail. Some of these commodities 
are also very dependent on rail because their size precludes 
shipment by highway and local roads. In contrast, those 
products currently being shipped by rail which are of high 
value per weight or light and compact could probably switch 
to truck service without a significant impact on the 
affected receivers' business operations. 


In a Harbridge House study a comparison was made of industry 
groups according to the number of rail-related jobs and the 
number of potential job losses should all rail service by 
discontinued. The study found that eleven of the twenty 
industry groups with the greatest number of rail-related 
jobs were akso among the top twenty in terms of potential 
job losses. Industry groups which ranked high in terms of 
both criteria were paper products, plastics and machinery, 
indicating a critical dependence on rail. In contrast, there 
are several industry groups such as toys, electrical equip- 
ment, and processed milk products which have a large number 
of rail-related:jobs.but low potential job losses. This 
indicates that an abandonment of rail service would not 

have a detrimental effect on their operations. 
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As previously mentioned, the Gloucester and Reading 

Lines could lose freight service if commuter rail is 
terminated on these same lines. Freight moving along the 
Gloucester Branch includes such items as chemicals, food 
stuffs and steel and on the Reading Branch - paper, 
chemicals, food stuffs, lumber, plastics and roofing 
material. Paper products and plastics are two industry 
groups which are very dependent on rail service. There- 
fore, the operations of some of the 16 firms using these 
lines might be severely affected if it was necessary for 
them to receive their shipments by truck rather than rail. 


One measurement of the impact on the region's economy is 

the number of jobs that would be lost. Based on a study 
completed in 1975* the abandonment of freight service on the 
Reading and Gloucester lines could result is a loss of 200-230 
and 630-730 jobs on the respective lines. These figures 
include both railroad jobs and jobs in firms using rail freight 
service and have been adjusted to reflect the decline in 
freight levels from the 1972 base used in the study. They 
represent the maximum that could be lost, if the affected 
firms are unable to find acceptable alternative freight 
shipping service. The Harbridge House study did anticipate 
additional jobs losses on the Boston to Somerville segment of 
the Reading Line. The proximity of this segment to the 

Boston area suggests that its freight service is not as 
closely tied to the continuation of commuter service as is 

the freight service on the outer segments of the Reading 

Line. Firms in the Boston/Somerville area might be served as 
offshoots of other rail freight service in the Boston area 
therefore the job losses associated with firms in this area 
should not be directly linked to the loss of Reading commuter 
service. In addition to a direct job loss, there would also 
be jobs lost in firms which interact with rail-using establish- 
ments. For example, suppliers of goods to industries using 
rail may have to curtain production because of decreased 
demand and therefore lay off a certain number of their labor 
force. In the aforementioned study it is estimated that 

for each initial rail-related job another 1.5 jobs would be 
lost in the region. These losses would be in addition to the 
direct potential job losses estimated above. 


* The 1975 Harbridge House Study for the New England 
Regional Commission entitled "The Economic Impact of 
Rail Service in New England" estimated the potential 
job losses resulting from the abandonment of rail 
service in New England (based on 1972 tonnage data 


and shipper survey responses). The study showed the 
following potential job losses: Somerville yards area - 
1500, remainder of Reading Branch - 330, Gloucester 


Branch - 1045. 


Any direct job losses represent the short term impact of 
abandoning rail service on a particular segment. In the 
long run, some of the jobs may be regained in the form of 
newly created employment in another part of the region or 
in other firms in the same area. For example, some rail 
users adversely affected by rail service termination may 
decide to relocate elsewhere in the region where rail 
service is still available. Other lost jobs will reappear 
in the form of employment increases in other firms providing 
freight service in the region. Therefore on a statewide 

or regionwide basis, a short-term job loss of 830-960 would 
mainly be cancelled out in the long-term by other newly 
created jobs. 


Job losses also result in lost wages and reduction in 
value added from decreased production. The previously 
mentioned Harbridge House study estimated the potential 
value that would be lost to the New England economy. * 
Based on 1977 wage and price levels the loss in value 
added would be $22,000 per job. Again this effect would 
be moderate in the long-term as firms readjust their 
operations. 


7.3.3 Economic Impact of Commuter Rail Capital Investments 


Capital investments in the commuter rail system will 
generate jobs and income in Massachusetts. These 
expenditures will provide jobs in those firms directly 
supplying the goods and services needed to improve the 
rail system and produce secondary effects in other sectors 
of the state's economy. 


In estimating these impacts it is assumed that all 
equipment and about 50% of track improvements will involve 
out of state purchases and as such will have no direct 
impact on the state's economy. The primary economic 

impact of the composite system ** is due to $58 million in 
capital expenditures. It is estimated that this investment 
will result in a total statewide impact of $100 million 
including $42 million of secondary impacts (those:impacts 
due to the personal expenditures of workers being paid 

by the $58 million investment). 


*$18,000 is an estimate of value added ini974 dollars per 
job derived by Harbridge House. Value added is defined 
as the value of finished products less the cost of raw 
materials. ; . 

**This system includes improvements to the level of Plan A, 
Plan B, or Plan C on most lines and bus service on others, 
as described in Chapter 6. 
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To estimate the number of new jobs that will be created by 
these expenditures it is assumed that commuter rail improve- 
ments will generate jobs at a level similar to that of 

rapid transit construction.*** Approximately 1000 new 
state-wide jobs would be created from the primary commuter 
rail investments. Total employment generated (which 
includes both primary and secondary impacts) in the state 

is estimated at 2500 jobs. Most of these jobs would 

exist only during the construction period. 


7.3.4 Local Deficit Assessments: 


Estimates were made of the 1985 deficit that would be 
assessed to local cities and towns for two scenarios: 

1) the previously discussed composite system and 2) a 
variation of this system which continues rail service for 
all lines by assuming Plan A improvements on those lines 
where bus service was specified for the composite system. 
These estimated assessments are shown in Tables 7-3 and 
7-4. Only the assessment due to commuter rail or 
substitute commuter bus service is included. 


As compared to the total 1977 assessed deficit of $10.3 
million, the composite system would result in an estimated: 
1985 assessment of $13.5 million (increase of 31.1%) while 
the 1985 all. rail system results in an $18.8 million 
assessment (increase of 83%). This compares with an 
estimated inflation of 69.3% over the same time period. 

It is important to note than an annual inflation rate of 
6.8% was used in calculating the 1985 operating costs and 

a rate of 4.4% was used for annual fare increases. 


Table 7-3 shows the estimated 1985 commuter rail/bus 

deficit, broken down in terms of how it would likely be 

paid for, based on continuation of existing policies. 

As can be seen from the table, the gross deficit is $1ll.2 
million greater for the all rail system than for the composite 
system; the state's share is $5.3 million greater, and 

the total assessable to the communities is also $5.3 million 
greater. 


Table 7-4 shows a comparison under each scenario of the 

1985 commuter rail/bus deficit which would be assessed 
against each community, using the totals from Table 7-3 and 
estimating a distribution of these over the communities on 
the basis of current assessment formulas and practices. 

This table shows that because commuter. rail deficits are 


** In a study of the impact of Mass Transit Construction on 
the Massachusetts Economy it was estimated that $1 million 
(1967 $'s) in transit construction generates 32.5 direct 
jobs and 46.8 indirect jobs. 


Gross Operating Costs 
(including debt service) 


Revenue (including reimburse- 
ment from outside comm) 
Gross Deficit 


Federal Share 


State Share (including debt 
service) 


Net Deficit 


State Treasurers Charges 


Total Assessable to Communities 


Federal Share of Gross Deficit 


Plus State Treasurer's Charges 


State Share 


Communities' Share 


* Taken as a constant percentage of deficit. 


Composite 


$46,045,000 


18,501,000 


212344,.000 


2,480,000 * 


12,542,000 


963,000 


13,485,000 


All Rail 


$58,566,000 


19,817,000 


382243.000 _ 


37421,000 * 


17,853,000 
4224132000 


1,330,000 


18,805,000 


44.6% 


46.9% 


Actual Federal 


contribution will depend on commuter rail miles according 
to new Section 5 formula. 


EsTIMATED 1985 CommuTER RAIL DEFICIT - 
FEDERAL, STATE, AND LOCAL SHARES 
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assessed according to the "express" formula, which includes 
population as well as commuter rail and rapid transit 
boardings, a Significant part of the commuter rail deficit 
falls upon the inner cities and towns. Thus they would 
Share in the benefit of the lower assessments of the 
composite system. Generally, the assessments of the 
composite system are lower than the assessments of the all 
rail system. The three exceptions are for Concord, Lincoln, 
and Wellesley, each of which would receive bus service 

in the composite system. Bus deficits (including express 
buses) are assessed according to the "local" formula and 
fall more heavily on the community where the service is 
provided. (Table 7-3 should not be interpreted to signify 
how much each individual community's total assessment would 
increase or decrease under either system as compared to 

no suburban commuter service. Such a calculation would 
have to take into account in addition the distribution of 
the rapid transit deficit and the remainder of the bus 
deficit, each of which would change somewhat under the 
composite system.) 


7.4. CONSIDERATION OF SPECIAL MOBILITY PROBLEMS 


On June 8, 1978, the U.S. Department of Transportation 
proposed some far-reaching regulations relating to the 
treatment of handicapped persons in federally-assisted 
programs. Even though these regulations are not yet 
final, some plans have already been made to provide 
changes in commuter rail station design and vehicle 
specifications to accommodate the handicapped. 


Significant barriers to use of a public bus or rail 
vehicle for those with mobility problems include 

(1) the movement of the vehicle, (2) gaining access to 
the vehicle from ground level, and (3) movement in crowds. 
Therefore, structural alterations must be undertaken 
not only to provide access but also stability for those 
in wheelchairs and for other individuals who have 
difficulty negotiating steps. In addition, there are 
certain features, such as lighting and door closing 
signals, which could be added to vehicles, thereby 
enhancing their safety. 


7.4.1 Commuter Rail 


The entire commuter rail system has low platform stations. 
Both coaches and Budd cars have four steps leading to 

a floor about 51 to 52 inches above the rail, and minimum 
aisle widths of 25 to 26 inches. Commuter rail vehicles 
do not have floor space or aisle widths for a wheelchair. 
Included in the proposed improvements for the commuter 
rail system are certain features designed to make both 
stations and vehicles more accessible to the handicapped. 
Work contracted for some of the existing stations includes 
ramps, and platforms which would be no lower than eight 

to nine inches below the first train step. 
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Plans for the Boston CBD stations include high platforms 
at South Station and a fully accessible Back Bay Station 
with both elevators and escalators. All new coaches 

will have lower steps and a slightly lower floor height 
than old equipment. Both door-width and aisle-width 
will be 30 inches, which provides enough space for a 
wheelchair. Seating changes have also been planned 
which would provide adequate space for wheelchairs at one 
end of the vehicles. Numerous other safety features have 
been incorporated into the design of the vehicles, such 
as handrails in-the vestibule and increased levels of 
lighting. 


All of these features will make the new equipment more 
accessible to the handicapped. There is no basic cost 
difference between this type of vehicle and a standard 
vehicle. However, problems will still remain in a 
majority of the commuter rail stations for getting a 
wheelchair user from station-platform to vehicle floor 
level. , 


7.4.2 Buses 


All of the standard buses have a floor height of about 34 
inches, and the first step varies in height from about 

12 to 14 inches. They have a minimum aisle width of 30 
inches and a rear door width of 30 to 42 inches. Available 
floorspace is not adequate for wheelchairs. All buses have 
handrails/stanchions and non-slip floor/step coverings. 
Acquiring new buses which have such features as a wheelchair 
lift, folding seets and/or wheelchair tie-downs would 
require an expenditure of between $9,000 and $12,000 

above the present cost of a new bus. 


The interior specifications of new buses and commuter rail 
coaches can accommodate the needs of individuals with 
mobility problems. A more difficult problem remaining is 
that of providing easy access from platform to vehicle 
floor level. New buses acquired under the composite 
system could have features remedying the problem of steps. 
The adaption of old rail vehicles remaining in commuter 
service would require extensive structural alterations. 
New coaches would also require design changes, such as 

the addition of lifts to be fully accessible to the 
handicapped. Federal regulations will ultimately 
determine in large part the system changes which will be 
installed to meet the needs of individuals with special 
mobility problems. 
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8.0 RECOMMENDATIONS AND IMPLEMENTATION 


As stated in Chapter 1, the objective of this study has been 
to determine whether the Commuter Rail Improvement 

Program (CRIP) should be continued, and, if so, in what 
form. The study has shown that commuter rail is the 

only viable public transportation service in many 

corridors throughout the region. Hence, it'seems clear 

that CRIP should continue. 


This chapter is oriented towards determining the form 
that continued program should take, and further, what 
steps need to be taken to get there. Recommendations 
are made as to the status of each line. Service 
experiments are recommended to confirm or refute the 
results of this analysis in each case where conversion 
to commuter bus seems most cost-effective. Lastly, 
the likely next steps in the evolution of the MBTA's 
commuter rail system are described in the context 

of the agencies and other groups which will be involved 
in that evolutionary process. 


2p il SUMMARY OF RECOMMENDATIONS 


The capital requirements, the ridership response and the 
operating costs of stabilizing and improving commuter 
rail service, and the practical possibilities of offering 
a viable substitute bus service vary greatly among the 
commuter rail lines. Though certain costs are fixed 

for the entire system and do not change if service on a 
given line is changed, it is important to review each 
line individually as well as to look at the system as a 
whole. 


In summary, there is no viable alternative to improved 
commuter rail service on at least four routes. On other 
routes, commuter bus service appears to be more cost- 
effective, but in varying degrees. While this suggests 
which routes should receive priority for investment, it 
does not necessarily provide a decisive argument for 
discontinuance of any one line. 


Also, commuter rail ridership may respond even better 
than anticipated to improved service. Only within the 
next two years will the MBTA acquire a reasonable-sized 
fleet (yet still not enough to replace some of the in- 
use, out-dated equipment) of new coaches and reliable 
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locomotive power.- Even though the effect of reliability 
of new equipment can be predicted, it is difficult to 
quantify fully the effects of comfort and simple 
amenities on ridership. In addition, there may be cost- 
reduction schemes such as work rule changesl, or cost- 
sharing, such as service contracts with outside RTA's 
(described in Section 8.3), which could also change the 
cost-effectiveness of any line. 


Thus .the investment strategy and operating strategy 
suggested by this analysis is one of concentrating 
substantial investment on four routes in order to 
Stabilize service and subsequently to make substantial 
additional improvements on some of those routes. Under 
this strategy, the other routes would only receive the 
investment required to maintain service or to support 
service experiments. Some of what would be entailed in 
these service experiments is described in Section 8.3. 
Again, each line must be considered individually. 


8.2 FINDZNGS AND RECOMMENDATIONS, BY LINE 
* Bastern Route to Ipswich 


Findings: Commuter rail provides the only viable 
means of offering good public transportation for 
the North Shore suburbs beyond Lynn, despite high 
capital requirements. Significant increases in 
ridership are possible through the development of 
improved frequency and reliability. A station at 


or near Route 128 could attract significant patron- 


age and relieve pressure for parking at the down- 


town Beverly station. However, it may be difficult 


to develop such a station due to recent land 
development and congestion on access roads. 


Recommendations: Begin making permanent improve- 

ments to restore the right-of-way and stabilize 
service, as in Plan B. If the Blue Line is 
extended to Lynn, undertake no additional 
improvements. If it is not, improve to the Plan 
C level. Undertake program to expand parking 
facilities where demand warrants, especially 
in Beverly. 


TS a ae ie eh eel 
1. These have not been explored in this study. 
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* Gloucester Branch 


Findings: Significant capital investment is 
required to keep the branch in service. Net 
cost of service per trip is three times as 
high as any other line. Most of the riders on 
the branch could be attracted to commuter rail 
if a station with adequate parking were easily 
accessible from Route 128. 


Recommendations: Proceed with only essential, 
safety-related investments. Convert to one- 
track to minimize capital requirements. Proceed 
immediately with plans to develop station 
facilities accessible from Route 128. 


* Reading Line 


Findings: A good bus service can be offered at 
near break-even level while retaining a large 
percentage of the existing rail ridership. 
Operation of commuter rail is much more expensive 
than bus, though high capital investment is not 
required. Ridership on the rail line continues 
to decline due to comp2tition from I-93 and 
the Orange Line (ridership in 1977 was only 
65% of ridership in 1974): 


Recommendations: 
Monitor ridership with more reliable equipment. 
Develop service experiments to evaluate potential 
(see Section 8.3). Make no investment in Peery ta to 
way except for investment that might be needed to 
Maintain service during the experiment period. 
Include either level of service changes or service 
extensions, or both. Incorporate into MBTA bus 
Purchase program enough slack to have buses available 
Should more reliable rail service not prove successful 


* New Hampshire Division 


Findings: Commuter rail provides a good service; 
bus service performs poorly by the evaluation 
measures employed. 


Recommendations: Restore right-of-way to Plan 
B level and stabilize service. Experiment with 
higher frequency service (up to Plan C). 


* Fitchburg Route 


Findings: There is no potential for a viable bus 
service until Alewife Station on the Red Line is 
in operation. At that time, analysis indicates 
that a more cost-effective bus service could be 
provided into Alewife. 


Recommendations: Retain service until Alewife 
Station is in operation and at that time reassess 
the potential for bus service. Develop service 
experiments to evaluate potential (see Section 8.3). 
Include either level of service changes or service 
extensions, or both. Limit capital investment to 
that which is necessary to maintain service until 
final decision is made. 


* Framingham (B&A) Line 


Findings: A viable bus service can be offered at 
lower cost. However, very little :MBTA capital 
investment is required to maintain commuter rail 
service. 


Recommendations: On this line, service experiments 
might include off-peak service. Make no capital 
investments in the line until experimental results 
are clear. Develop service experiments to 
evaluate potential (see Section 8.3). Include 
either level of service changes, or service 
extensions, or both. 


* Needham Branch 


Findings: A viable bus service can be offered at 
considerably lower cost. The temporary discontin- 
uance of commuter rail service in connection with 
Southwest Corridor construction offers an opportunity 
to judge whether such a bus service can succeed in 
the long run. 


Recommendations: Proceed with bus service during 
Southwest Corridor construction. Evaluate effec- 
tiveness of bus service after two years and 
reassess. Make no investment in rail right-of-way 
in the interim. 


* Franklin Branch 


Findings: Commuter rail provides a good service 
with no viable potential bus alternative. Consid- 
erable improvements already made in right-of-way. 


Recommendations: Complete restoration of right-of- 
way to Plan B level. Improve service levels 
where feasible, and where ridership response 
warrants. 


* Shore Line 


Findings: Commuter rail provides good service with 
no viable bus alternative. Major commitment to 
right-of-way by Federal government for Northeast 
Corridor service. 


Recommendations: Upgrade service as right-of-way 
is upgraded in connection with Northeast Corridor 
Project. Develop expanded parking facilities 
where demand warrants. 


8.3 SERVICE EXPERIMENTS 


It 1s clear that there is no viable alternative to improved 
commuter rail service on at least four routes. On the 

other routes, commuter bus service appears to be more cost- 
effective. However, before conversion to commuter bus 

can become public policy in these corridors, the effects 

of new equipment and improved service on the cost-effective- 
ness of rail service must be evaluated. This evaluation 
should occur through the development of a series of 

service experiments which are carefully monitored for 

their impacts on ridership and cost-effectiveness. 


An important part of the evaluation is the development of 
criteria for measuring the success or failure of the ex- 
periments. In other words, before experiments begin, a 
decision-rule must be defined which clarifies how much 
ridership and/or cost-effectiveness must improve for 
commuter rail to be retained on any line being tested. 


Service experiments could be of two types: level of 
service changes, or service extensions, when costs can be 
Shared with another regional transit authority (RTA). 

It is also conceivable that these two changes could be 
implemented together in one experiment. 


While service experiments should become part of a 
continuing commuter rail plan refinement process, they are 
beyond the scope of this study. However, outlined below 
is a framework in which those tests should be developed 
and evaluated. 


8.3.1 Level-of-Service Changes 


The level of service presently offered carries a group 
of tenacious commuter rail patrons on aged equipment 
that the MBTA purchased from the Penn Central and the 
B&M. In addition, there are other patrons whose use of 
rail is less committed. If service decreases, or fares 
go up, they are likely to switch to their cars or 
commuter bus if it is available. As new equipment arrives 
at the MBTA, opportunities exist to retain more of these 
less committed patrons, and attract new patrons to the 
system. These opportunities arise due to the increased 
reliability of new equipment, the provision of minimum 
passenger amenities (which have often been lacking), and 
the feasibility of improved service. 
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Each of these three aspects of new equipment should be 
exploited in the framework of a test to confirm or refute 

the conclusions of this study. MBTA and CTPS should cooperate 
in developing and implementing these tests. The tests, p tse 
designed properly, should determine whether rail lines which 
perform poorly in comparison to bus can be improved to a 

level which would change the results of this study. 


The level of improvement required is an open question 
which would need to be resolved before the tests begin. 
The evaluation criteria used in this study may be used 
as guidelines, and improvements may be measured in terms 
of percentage increase (or decrease) of any of the 
existing measures. For example, the required level of 
improvement may be defined in a manner such as: "When an 
improved service (offerred in these service experiments) 
results in a cost-effectiveness (as measured by net 

cost of service per rider) within 10% of the cost- 
effectiveness of the proposed commuter bus service". 
Other criteria might also be developed. 


Included in the tests would be improved reliability, 
increased frequency, express service, and skip-stop 
operation. The individual effects of each of these 
Factors have been tested before, most notably in the 

1963 MTC experiments. Therefore, the service experiments 
suggested here shauld be designed to obtain the maximum 
effect within a market area. This means that a test on 
any line should entail the operation of "optimal" service 
which may require 2 or 3 iterations during semi-annual 
schedule changes. 


Along with the improved service, an aggressive marketing 
campaign should be run. This is necessary to show the 
public that a fast, inexpensive, convenient, comfortable 
alternative service is available. Without a marketing 
campaign, dramatic improvements in cost-effectiveness are 
much less likely, and hence any test which "fails" will 
be tainted by the fact that only a partial effort to 
achieve success was attempted. 


Service experiments will result in increased costs to the 
MBTA, both due to the increased frequencies that will be 
likely, and due to the marketing campaign that will be 
necessary. The increased frequencies will require that 


additional equipment be available. Initially there are two 
lines on which some form of tests should be conducted-- 

the Framingham and the Reading. A probable upper limit 

on the budgetary impact of such tests has been calculated 
by assuming that the number of trains per day on these 
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lines would be approximately doubled. If such a test were 
conducted for two years on both lines simultaneously, then 
the operating costs would increase by about $500,000 in 1977 
costs. If new equipment were purchased for the tests, it 
would require $4,400,000 in capital costs for equipment, 
which can be assumed to be leased for about $440,000 per 
year. Allowing for some inflation, the total annual 

cost would come to about $1.2 million. This added oper- 
ating cost would be offset by additional revenue. If rider- 
ship were to increase 20% during the test, it would bring 

in about $340,000. A 50% increase would bring in $850,000. 
Thus, if another $150,000 were allowed for promotion and 
monitoring, the annual deficit would probably increase by 
$500,000 to $1,000,000 during the period of experimentation 
on those two lines. If ridership were to respond still more 
positively, then the experiments would come closer to 
breaking even. 


All of ‘the above comments also apply to the Needham 
Branch, where bus service will be tested instead of commuter 


rail. That is, ridership and costs should be monitored close- 


by and the new service should be marketed, in order to deter- 
Mine if the results would be any different than predicted here. 


There are several possible sources of funds for service 
experiments. The experiments could be handled exactly as 
the rest of the commuter rail deficit--that is, half could 
be paid by the Commonwealth and half by the cities and towns, 
or there could be a special arrangement for placing a some- 
what heavier burden on the Commonwealth. Alternatively, 
Federal funds in the form of UMTA demonstration monies could 
be sought in order to offset the cost of some portions of 
the experiment which may be of particular interest to UMTA. 


8.3.2 Service Extensions 


The MBTA is presently negotiating with Merrimack Valley 
Regional Transit Authority (Lawrence/Haverhill) and the 
Montachusett Regional Transit Authority (Fitchburg/Gardener) 
to operate extensions of service to these areas. Trains did 
run to these areas in the recent past*, but due to the re- 
luctance of individual communities to pay for the service, 

it was cancelled. The formation of Regional Transit 
Authorities (RTAs) in these areas, and the availability of 
Federal funds to assist with operating costs and capital 
costs has reopened the possibility of running these services. 


Extensions of service to these RTAs or to others could have 
positive impacts on the cost-effectiveness of any line. This 
improvement could result from the sharing of costs, minimi- 


*Service to Lawrence and Haverhill was terminated in July 1976 


and service to Fitchburg was terminated in January 1965. 
Service to Ayer on the line to Fitchburg was terminated in 
Marche 97 5\. 
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zation of non-productive deadheading, as well as an in- 
crease in ridership:;-. Also, patrons at new stations would 
pay greater fares. 


Extensions have not been evaluated under the scope of this 
study. Service extensions on lines whose future is called 
into question by this report need to be evaluated in a 
manner very similar to the one outlined in the previous 
section. Evenmore, it is likely that a service extension 
and improved service on inner portions of a line could 

occur together, and thereby provide an optimal environment 
for any line. If a line's cost-effectiveness did not improve 
markedly with both of these changes, then there would be 
little reason not to substitute bus service. It may be that 
in order to provide well run service extensions some limited 
capital investments in the existing plant will be required. 
These investments should be kept to a minimum, and further 
should be concentrated on equipment, or other types of jin 
vestments that will serve a continuing function whether or 
not a line remained in service. 


8.4 Next Steps 


The study was designed to provide a thorough technical analy- 
sis of commuter rail and alternatives thereto. This report 

is not in and of itself a statement of policy. The accep- 
tance of the report's recommendations and the development 

of a policy is a process which will occur over at least the 
next several months and may not be resolved for several years. 


It is a process involving a number of agencies and legislative 
bodies at different levels of government and a number of 
citizen organizations and interest groups. Since the process 
is not a well defined one, it is only possible at this stage 
to outline the role which each group is likely to play in this 
process. 


8.4.1 MBTA 


The MBTA is involved in implementing the recommendations 
of this report in a number of ways, and they are likely 
to perform various tasks in the process of developing a 
policy towards commuter rail. 


First, the publication of this report means simply that 

the report fulfills the contractual obligations of CTPS, 

and that the information presented is complete and meets 

the MBTA's objectives for the study. It does not, however, 
imply that the MBTA has necessarily accepted the recommenda- 
tions of the study. 
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The second involvement of the MBTA will occur through prepar- 
ation and submission to UMTA of further CRIP Capital Grant 
applications. As these grants are prepared, the MBTA must 
decide whether the capital priorities will be guided by the 
results of this study, or whether some modifications are 
needed. 


A third manner in which the MBTA could formulate policy 
would be to state a new policy towards commuter rail. This 
would occur in cooperation with EOTC (the state's Executive 
Office of Transportation and Construction), inasmuch as EOTC 
has been designated by the legislature as the agent for 
preparation of MBTA long-range plans and programs. A public 
review process, which has in effect already begun, would 

be built into the development of such a policy statement. 


The MBTA must also decide whether to implement service 
experiments for certain lines as recommended in this re- 
port, and then must design these experiments in some de- 
tail, in the context of regular commuter rail service on the 
System as a whole. Finally, after these experiments are 
conducted and the results evaluated, the MBTA must decide 
what type’ of service to offer in each corridor. The latter 
decision would therefore take several years, assuming the 
experiments are conducted. 


8.4.2 EOTC 


As stated above, EOTC plays a key role in the preparation 

of MBTA long-range plans and programs. The Program for 

Mass Transportation (PMT) is the primary EOTC document in 
this process, but other major MBTA planning documents also 
must receive EOTC review and approval. In this way, EOTC 
is critical in development of transit policies. The CRIP 
Plan Refinement Study Report is one such document which will 
require EOTC review. 


8.4.3 MBTA Advisory Board 


The Advisory Board's role in the development of policy will 
manifest itself in two ways. First the Advisory Board re- 
views the MBTA budget and may approve or disapprove it in 
whole or in part. Thus the Advisory Board may make changes 
in the commuter rail budget proposed by the MBTA in future 
years including proposed increases in service or bus’ sub- 
stitution, and could influence the nature of the service in 
that way. Second, the Advisory Board must also review and 
approve the Program for Mass Transportation (the long range 
plan for transit service) and could influence the long term 
plan for commuter rail in that manner. 


8.4.4 General Court 


The General Court (Massachusetts Legislature) plays an 
important role in policy toward commuter rail because of the 
necessity of legislative appropriations to sustain MBTA 
operations and because of the legislative authority needed 
to float additional bonds to pay the 20% share of capital 
expenses. Though the Legislature will normally allow con- 
siderable latitude to the MBTA in its operation and capital 
investment, it can in each instance impose restrictions 
requiring or limiting specific. expenditures in commuter 
rail. Individual legislators will undoubtedly be concerned 
about the nature of service to the areas which they represent. 


8.4.5 JRTC 


In the Boston region, the Joint Regional Transportation 
Committee (JRTC) has been officially designated as the 
transportation policy advisory group. This means that 
it reviews policy documents for the region and makes 
recommendations for implementation or revision. After 
the Draft of this report was released for public review, 
JRTC became involved in that review process. 


On September 20, 1978, the Plan Refinement Study Report 
was presented to the JRTC. This presentation included 
description of the analyses performed and of the 
recommendations made. At that meeting, JRTC decided to 
form a special advisory committee to review the report. 
At the present-time, the advisory committee's efforts 
are underway, and it is expected that they will make 
recommendations in the form of their own report to the 
full JRTC by mid-February. The JRTC at that time may 
want to make recommendations to MBTA/EOTC on the CTPS 
report. 


8 .av6City and WZown Gffticiats 


In addition to their capacity to act collectively through 

the MBTA Advisory Board, city and town officials, particularly 
in suburban areas, will be concerned with the type of service 
which their individual area would receive under a new policy 
toward commuter rail. This will be particularly true in 

areas where there is a potential for substitution of bus ser- 
vice after the period of service experiments. Thus, officials 
of individual municipalities will insist on a detailed scru- 
tiny of possible changes affecting them and will want a 
thorough documentation of the reasons for any permanent changes 
in service. 


8.4.7 Urban Mass Transportation Administration 


UMTA, which has the authority to approve capital and oper- 
ating grants for public transportation, has not traditionally 


Lei, 


involved itself in the regional allocation of service or 

in details about the level of service to be offered. 
However, in areas where substantial expenditures of Federal 
funds are made, UMTA has required assurances that the 
alternative chosen represents an efficient expenditure 

of Federal funds for meeting local transportation, land use 
and other objectives. The need for these assurances has 
been one of the principal reasons for undertaking the CRIP 
Plan Refinement Study. Thus UMTA will probably view this 
report as an important guideline for future investment of 
Federal funds in commuter rail. 
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TITLE 
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ANALYSIS OF OPERATING CoSTS OF COMMUTER 
RAIL SERVICE ALTERNATIVES 


ALtc1A WILSON, HAMID AMINIAN, 
THOMAS HUMPHREY 


Marcu 1979 


This appendix documents the calculation 

of operating and capital costs for the 
Base Case commuter rail, three rail 
alternatives, and a bus replacement system. 


Included in this appendix are: a description 
of present rail system costs, alternative 
rail plan costs, and the costs for the 

bus replacement service. 


Preparation of this document was financed with funds from the United States 
Department of Transportation supported with matching state and regionai funds. 
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1.0 INTRODUCTION 


The purpose of this appendix is to document the calcu- 

lation of operating and capital costs for the Base Case 
commuter rail system, three rail alternatives and a bus 
replacement system. It should be noted that all costs 

were calculated in constant 1977 dollars. 


This appendix includes description of present rail sys- 
tem costs, alternative rail plan costs, and the bus 
replacement service costs. 


1.1 DATA SOURCES 


The major sources of information for the Base Case 
analysis were the MBTA Commuter Rail Department (Run 
Book #21, Supplement #12, which lists the assignment of 
train crew by line), fall 1977 train schedules, the 
back-up data for the B&M monthly commuter service 
expenditure reports, and the 1978 MBTA budget. A dis- 
cussion of the reasons for using the two latter data 
sources follows. 


The B&M provides the MBTA with a report of commuter 
rail expenditures for each month of service on the 
Northside. These reports itemize departmental costs to 
some degree; however, they were not detailed enough for 
purposes of this study. For example, neither fixed 
costs nor line-specific (direct) costs could be deter- 
mined from these reports. Therefore, the B&M back-up 
data had to be used to estimate the present gross oper- 
ating costs of Northside service. The data were item- 
ized by category in three general areas--specific, 
overhead and indirect costs--and for nine departments, 
including accounting, executive, engineering and mech- 
anical. At the time analysis of costs began, these 
data were available for the first eight months of serv- 
ice only. Therefore they were annualized to estimate 
costs for a full year of service. In most instances 
the costs were averaged for eight months and multiplied 
by twelve. However, in some cases engineering costs 
for the months of July and August didn't reflect the 
total amount expended because a substantial share of 
work and material were paid for with capital funds. 
(Only expenses paid for out of the operating budget are 
included in the back-up data.) In these cases, costs 
for the first six months of service were averaged and 


multiplied by twelve. The Transportation Department 
accounts for 41 percent of total gross costs, the Mech- 
anical Department for 32 percent, and the Engineering 
Department for 17 percent. 


The determination of Base Case operating costs for 
Southside service was more difficult since the B&M did 
not begin to provide service on these lines until the 
spring of 1977. As a result, the data base was not 
adequate to estimate operating costs for the entire 
year. Therefore, upon the suggestion of the MBTA's 
Budget Office, 1977 (Base Case) costs were estimated by 
working backwards from 1978 budget figures. The MBTA's 
estimated 1978 total gross commuter rail operating 
costs were 13.5 percent higher than their estimated 
1977 total gross costs, so all 1978 budget items were 
reduced accordingly. The resulting data were not as 
detailed as those for the Northside, but they were the 
best that could be obtained at that time. The Trans- 
portation Department accounts for 47 percent of total 
gross costs, the Mechanical Department for 35 percent, 
and the Engineering Department for seven percent, on 
the Southside. 


1.2 PROCEDURES USED IN CALCULATING THE COSTS 


The gross operating cost of the present commuter rail 
system or the alternative rail plans can be categorized 
as variable, fixed, and allocated overhead costs. 

Three departments--Transportation, Mechanical and Engi- 
neering--account for the major portion of variable 
costs, which can be attributed to the operation of 
Service on each of the individual lines. Fixed costs 
are mostly those costs associated with facilities and 
areas that would have to be maintained regardless of 
the total number of rail lines or routes in service at 
any given time. The remaining costs are not directly 
attributable to the service on any line, but vary with 
the amount of service offered, and therefore are allo- 
cated on a line-by-line basis according to a set of 
indices as shown in the flow chart in Figure 1-1. 
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2.0 PRESENT SYSTEM (BASE CASE) COSTS 


As mentioned in Section 1.2, the determination of Base 
Case operating costs had to be handled differently with 
the Northside and the Southside rail systems because 
two different companies operated these systems. 
Description of costs for each system (for the Base —- 
Case) follows. 


Zr eNORTESIUESCOS TS 


2.1.1 Transportation Department Costs 


Transportation costs are basically the operational 
costs for the system. The major variable and line- 
specific costs are labor costs for train crews (engi- 
neers, conductors and trainmen); switchtenders, bridge- 
tenders, at-grade crossing tenders and herders (associ- 
ated costs); train and crew dispatchers and time 
keepers (superintendence costs); as well as fuel and 
printing costs. 


Run Book #21, which lists the assignment of crews by 
train and route, was used to determine train crew 
costs. The number of hours on duty and the number of 
miles operated on weekdays, weekends and holidays were 
determined for each crewman. Crews can be on duty for 
a maximum of thirteen hours per day. If there is a 
four-hour break, all time after the ninth hour is 
considered as overtime. If there isn't a four-hour 
break, all time after the eighth hour on duty is over- 
time. Engineers receive extra pay for more than 100 
miles of service (overmiles), and conductors and train- 
men receive extra pay for more than 150 miles of serv- 
ice. (The rules for crew assignments are as follows: 
one conductor per train and one trainman for every even 
car; i.e., a two-car train has one trainman, a three- 
Car train has one trainman, a four-car train has two 
trainmen, etc.) Pay scales effective July 1977 (see 
Table 2-1) were used to determine base costs. Fringe 
benefits, travel expenses and the cost of reserve engi- 
neers were added through the use of.a factor of 42 per- 
cent of direct labor. , | 


During 1977, train service on the Northside was oper- 
ated entirely by Budd self-propelled Rail Diesel Cars 
("RDC's"). Most of these cars have two diesel engines 
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which serve both to power the cars and to provide heat ~~ 


and light to the interiors. Fuel costs for the RDC's 
were $879,000 and were estimated by determining total 
yearly vehicle miles from timetable #21 and multiplying 
by a per-mile fuel cost of $0.31 (per-mile fuel cost 
was supplied by the MBTA Commuter Rail Department). 
During early 1978, locomotives were frequently used for 
power due to the unreliability of the RDC's. This 
change in operation is not reflected in the Base Case. 


Superintendence costs and associated costs were esti- 
mated in the manner described in the introduction. 
However, superintendence costs were allocated to the 
individual lines by using an index based on the distri- 
bution of operating personnel. 


2.1.2 Mechanical Department Costs 


The Mechanical Department is basically responsible for 
the maintenance of equipments on the system. Budd cars 
are maintained in two locations, depending on the type 
of maintenance to be done. Light maintenance, which 
includes running repairs and inspections, is performed 
at the Boston Engine Terminal, while heavy maintenance, 
which includes major overhauls, is performed at the 
Billerica Back Shop. Fifty-seven percent of 1977 costs 
was for labor and 35 percent was for material. The 
costs for repairing and maintaining the Budd cars 
(RDC's) vary with service provided. However, the B&éM . 
back-up data does not allocate the costs by line; 
therefore, indices to distribute these costs by line 
were developed. These indices are based on the distri- 
bution of total car-miles and car assignments. 


2xkw3 Engineering Department Costs 


Engineering costs are basically the line- or route- 
specific costs of fixed structures--track, signals and 
bridges, and buildings. The B&M charges costs in each 
of the three areas directly to the individual lines; 
therefore, no further allocations had to be made. 
Thirty-one percent of total engineering costs was for 
track work, 31 percent for signal work and 33 percent 
for bridgework. 


2.1.4 Other Variable Costs 


In addition to the departmental variable costs, there 
are other costs that vary with service but do not fall 
into any one department. They include a passenger 
incentive ($0.10 per passenger) and some insurance 
costs (information was supplied by the MBTA); the 
latter was allocated to each line according to the num- 
ber of cars assigned. 


2.1.5 Allocated Overhead Costs 


The allocated overhead costs are primarily those costs 
which are not directly related to the provision of 
service, but rather to the management functions of the 
B&M. They include costs for the vice presidents and 
staffs of the various departments (i.e., Transportation 
and Engineering) and costs for all other departments 
not directly associated with the provision of commuter 
rail service. Each of these cost items are allocated 
to the various lines by ratios based on the distribu- 
tion of costs, either departmental or total. 


It should be noted that if the MBTA did not contract 
for service, many of these costs would be fixed costs 
for the B&M. In actuality, many are B&M fixed costs 
which are allocated by the ratio of commuter service to 
total B&M costs and therefore by necessity vary with 
the amount of commuter service provided. The MBTA paid 
an estimated $1.4 million in overhead charges in 1977. 


2.1.6 Fixed Costs 


Fixed costs are mainly those costs associated with 
fixed facilities or areas that would have to be main- 
tained regardless of total routes operated, e.g., the 
Boston Engine Terminal (BET). Fixed costs include rent 
and utilities for North Station; Boston terminal area 
costs (tower men and track, building and signal main- 
tenance); utilities, track, building and signal main- 
tenance associated with the Billerica repair shop and 
the Boston Engine Terminal; and costs for the General 
Manager of Commuter Services, his assistant, a special 
accountant and clerical support. Some of the Billerica 
Shop and Boston Engine Terminal costs are shared with 
the B&M, since they are also used for freight equipment 
maintenance. Total fixed costs paid for Northside 
service are $3.149 million. Thirteen percent is for 
North Station rent and utilities, 58 percent for the 
Boston terminal area, 21 percent for Boston Engine 
Terminal and the Billerica repair shop, and eight per- 
cent for staff. 


2.20) SOUTHSIDE? COsrtS 
2.2.1 Transportation Department Costs 

(Operational Costs) 
The primary variable transportation costs are train 
crews, fuel, and "all other labor" costs. Southside 
crew costs were determined in the same manner as North- 


side crew costs, with one difference: a large number, 
if not the majority, of the crewmen were shared by the 


various lines. Therefore, their wages, including pay 
for overtime and overmiles, had to be pro-rated by the 
amount of time spent on each line. 


Three different types of cars--locomotives, coaches and 
RDC's--were used on these lines. Therefore, car-mile 
distributions had to be determined for each type of car 
before fuel costs could be calculated ($0.91/locomotive- 
mile and $0.31/RDC-mile). Total estimated fuel costs 
were $442,000. The "all other labor" category includes 
non-operating employees, i.e., switchtenders, herders, 
etc. It should be noted, however, that it was diffi-. 
cult to get information on the various components of 
these costs. They were allocated according to the num- 
ber of weekly trains moving through the system. 


2.2.2 Mechanical Department Costs 
(Maintenance of Equipment) 


As on the Northside, most mechanical department costs 
vary with the service provided. These costs were also 
allocated to the various Southside lines according to 
the distributions of total car miles and the total num- 
ber of cars assigned to each line. Labor and material 
account for 87 percent of Mechanical Department costs. 


22a Engineering Department Costs 
(Fixed Structure Cost) 


The maintenance of track, signals and buildings on the 
Shore Line and the Framingham Line is done by Amtrak 
and Conrail, respectively. They bill the MBTA for a 
portion of this cost, which accounts for 33 percent of 
total Southside engineering costs ($864,000). Most of 
the remainder of the department costs were allocated to 
the other lines according to the distribution of the 
trains moving through the system. 


2.2.4 Other Variable Costs 


These costs (insurance and passenger incentives) were 
allocated in the same manner as on the Northside (see 
Section 2.1.4). 


2.2.5 Allocated Overhead and Fixed Costs 


Southside overhead costs (estimated as $1.455 million) 
include "all other department costs," a management fee 
and various departmental costs. Fixed costs ($1.7 mil- 
lion) include a fee for dispatching trains (24 percent), 
lease costs for the Providence Engine House (20 per- 
cent), and rental, utility and other costs associated 
with South Station (46 percent). 
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3.0 CALCULATION OF COSTS FOR ALTERNATIVE RAIL PLANS 


As in the Base Case, operating costs are categorized as 
variable, allocated overhead, and fixed, with most of 
the variable costs generated by the Transportation, 
Mechanical and Engineering Departments. Transportation 
costs were the most complicated to estimated requiring 
in some cases the development of schedules and assign- 
ing crews in addition to estimating fuel costs. Mech- 
anical Department costs were estimated by using unit 
costs supplied by the MBTA. Engineering Department 
costs were assumed to be the same as actual Base Case 
costs due to the lack of a normalized maintenance 
policy or any real estimate of how costs would change. 
Allocated overhead costs were estimated as a percentage 
(based on the Base Case) of all other operating costs 
exclusive of insurance and passenger incentives. These 
two costs, plus the costs associated with other depart- 
ments aside from those mentioned above, are categorized 
under "all other costs." The breakdown of operating 
costs by department and by commuter rail line for each 
alternative rail plan is presented in Tables 3-1 
through 3-3. 


All capital costs except those for equipment were sup- 
plied by the MBTA. Capital costs for equipment were 
estimated from unit costs supplied by the MBTA and 
allocated to a route according to the percentage of 
total equipment by type (e.g., percentage of locomo- 
tives and percentage of coaches) needed to provide 
service on that route. This avoided the biasing of 
costs by not assigning more costly equipment to one or. 
two particular lines. 


In contrast to the Base Case computation of costs, the 
costs estimated for the alternative plans were computed 
in the same manner for both the Northside and Southside 
systems, because of single ownership. 


3.1 TRANSPORTATION DEPARTMENT COSTS 

a. Le Lee CGrewranc’Fuplecosts. of ‘s 

It was assumed that Plan A and Plan B would have the 
Same crew costs as the Base Case since service is more 


or less identical. The only component that might 
change is the number of trainmen needed in Plan B; 
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however, fall counts appear to show that the majority 
of peak trains have an even number of cars. Therefore 
an additional car could be added without requiring 
another trainman. Equipment and crew requirements are 
shown in Tables 3-4 and 3-5, respectively. 


In order to determine crew requirements for the Plan C 
system, train schedules had to be developed from a set 
of headways and running times supplied by the MBTA. 
The number of engineers required for each route was 
determined by dividing total daily train miles by 125 
(according to the MBTA, this is the average number of. 
Miles per engineer). It was assumed that an equivalent 
number of conductors would be needed. The number of 
trainmen needed was determined by developing a peak 
curve for the AM peak which represents the number of 
riders desiring to ride the train in each 15-minute 
period and assigning cars to each train accordingly 
(generally, trainmen are not needed during much of the 
off-peak since trains usually consist of only one car 
that's open to passengers). The crew cost formulas 
also require the number of overmiles and overhours for 
each crewman. Therefore it was assumed that engineer 
overmiles are 25 percent above the base miles and con- 
ductor overmiles are five percent above (information 
supplied by the MBTA). 


The average number of overhours worked by each type of 
crewman in the Base Case on a route-by-route basis was 
used. 


Fuel costs were estimated by determining the number of 
total peak and off-peak locomotive miles and multiply- 
ing@by .50'..90. 


3.1.2 Other Transportation Department Variable Costs 
BS. 2. i Nortnsice 


The B&M allocates most superintendence costs, which 
include train and crew dispatchers and timekeepers, by 
train-crew-labor dollars; therefore superintendence 
costs were estimated as a percentage of train crew 
costs (based on the Base Case). The cost of supplies 
and expenses was also estimated as a percentage of 
train crew costs. 


It was assumed that with the exception of stationary 
and printing costs (estimated at 1.34 cents per passen- 
ger), associated costs, which include bridgetenders, 
towermen and grade-crossing protectors, would remain 
constant since they are basically line-fixed costs that 
do not vary with the level of service provided. The 
exceptions are: (a) the costs of bridgetenders for 


SINIWANINOTY LNAWd1 NOS 


“SAT}FeUTDRTe STYF JO uoTIdTAOSAp e ACF O'P zaqjdeyo ae8. 


o3UOITOL, wory ,SeyoeroD OD, FO Te usar soumssy 


c 
ose) oseq ey} UT epTSYIAON ey} UO pEsN 29M Srzed ppng ATUO, 


hs as ee 


8772 9S7/2S 8LT/0P €Z/9ET/OP 08/6L/8T Tej,oL weysds 


Tet TZT/S2 €6/02 ET/9L/0Z OT/6L/8T IWLOL AGISHLNOS 
T9 T9/7T Sv/0T 0/Sv/0T 7/EV/OT SUuTT 9104S 
QT €z/S 81/b ET/S0/P z/9T/P - weypeeNn 
97 77/P LT/E O/ET/E 9/L0/T uTTyuUeIA 
8T ST/t GAL O/ET/E O/ET/E weybuTwer4 


epTsyynos 


LOT GET/LZ G8/0Z2 01/09/02 0L/0/0 TWLOL AGISHLYON 


61 91T/S PI/t 0/TT/¥ Tt/0/0 banquoqta 
ZE 1¢/S 1z/v O/vI/b ¥1/0/0 aitysduey MeN 
8T 67/S vc/S S/9T/S Tz/0/0 Hut peoy 
8€ 6S/7T 97/L G/61T/L yz/0/0 uz9zsed 


SpTSyyIION 


sosng soyorog soyudPronD siej ppng sieD ppnd 
LNAW /S2ATFOWOOOT /S2ATJOWOSOT /seyoeod /seyoeoyD 

-daOWIT dada non NW Id ny NWId /S29ATIOUOOOT /S2ATIOWOIOT 
snd uWn NVId ASW 


Cc T 


8 4 


SAIVATIAG 
WALSAS 
¥ x LNAW 
-HOWTdda 
snd 


GTT/9ZT/9CT 


VS/ES/ES 


G7/v7/P7Z 


01/60/60 
Tt/O0t/ot 
80/0T/0T 


TO/EL/EL 


B0/ET/ET 


PI/9T/9T 
ET/ET/ET 
LZ/TE/TE 


wuig/puon/bugq 


ee —O— SS eee 


wn NWId 


SINSWIYINOSY MIYI 


“SATJPeUADRTe Sty JO uOTAdTAOSSp e OJ O0O°p reqdeyD 2eSyy 


udWUT e1Iy,/SIOFONPUOD/SAZ9NUTHuAy 


0L/29/09 


GE/T2/772 
LT/80/0T 


80/L0/90 
G0/E0/E0 
G0/E0/E£0 


GE/Tb/7eP 


90/80/80 


60/0T/TT 
60/80/80 
Tt/St/st 


wury,/puop/buy 


rT) +S | rT] NW'Id 


0L/79/Ft9 


GE/T7/7Z 


LT/80/0T 
80/L0/90 
S0/€0/€0 
S0/£0/E0 


GE/Tb/ch 


90/80/80 
60/0T/TT 
60/80/80 
TI/ST/ST 


wuip/puoog/bug 


0L/729/¥9 


GE/12/77Z 


LT/80/0T 
80/10/90 
S0/E0/£0 
G0/£0/E0 


GE/Tb/CcP 


90/80/80 
60/0T/TT 
60/80/80 
TI/ST/ST 


Wut /puon/bugq 


me 


asvwd 


Te401L woe asds 


IWLOL AAISHLNOS 
suTT 2sz10YS 
weyupooNn 
uTTyxuerAT 
wey butwerg 


Sptsyyos 


IVLOL AACISHLYON 
banqyuojqta 
Soitysduey MeN 
butpeoy 
uz94segq 


OPTSYUFAON 


-lbe— 


Draw 7 on the Eastern Route were excluded for all alter- 
natives and (b) the costs for all towermen were 
excluded in the Plan C system alternative. 


3.1.2.2 Southside 


Although it was assumed that "all other labor" costs 
($1.55 million) vary with the level of service provided, 
no attempt was made to adjust them accordingly because 
of the problems with determining the individual compo- 
nents. l 


3.2 MECHANICAL DEPARTMENT COSTS 


The following unit maintenance costs (supplied by the 
MBTA) were used to determine Mechanical Department 
costs: old locomotives, $87,000; rebuilt locomotives, 
$56,000; new locomotives, $49,500; old coaches, $18,000; 
new coaches, $24,500; G.O. coaches, $15,000; old Budd 
cars, $79,000. Maintenance of equipment costs were 
allocated to a route according to the percentage of 
total equipment by type (i.e., percentage Ole .Oco= 
motives and percentage of coaches) needed to provide 
service on that route. This procedure avoided the bias- 
ing of costs by not assigning more costly equipment to 
one or two particular lines. (It should be noted that 
specific types of equipment were assigned to routes in 
Plan A because of technical requirements.) 


3.3 ENGINEERING DEPARTMENT COSTS 


Due to a great deal of inconsistent data and the lack 
of a normalized maintenance policy, it was assumed that 
the level of spending in the department would remain 
the same. It should be noted that actual costs were 
available for this department by the end of the study 
and were used in the alternatives because they were 
deemed to be more justifiable. 


3.4 ALLOCATED OVERHEAD AND OTHER COSTS 


"All Other Department" costs and the management fee on 
the Southside were estimated as a percentage (based on 
Base Case) of operating costs exclusive of passenger 
incentives and insurance. The passenger incentive is 
estimated at ten cents per passenger and insurance 
costs were estimated at $4,400 per vehicle. 


Leasing costs of $24,000 per coach were also included 
in the Limited Investment Alternative. 
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3.0) CAPITALSCOsSTS 


Capital costs (excluding equipment costs) for each 
alternative were supplied by the MBTA. The following 
unit costs were used to determine equipment costs: new 
locomotive, $876,000; rebuilt RDC, $300,000; new coach, 
$450,000. Equipment costs were then allocated to each 
line according to the percentage of total coaches 
assigned. The type of coach (i.e., converted RDC vs. 
new coach) assigned to individual lines was disregarded 
Since it was assumed that they would be completely, 
interchangeable; therefore all lines should share the 
costs. 


Annualized capital costs were determined on a project- 
by-project basis according to an assumed lifespan for 
each project using six and nine percent discount rates. 
Capital costs for these alternative rail plans are 
shown in Tables 3-6 through 3-8. 


NORTH SIDE 
North 
Eastern New Hampshire Side 
Route Including Central North 
Gloucester Boston to Woburn Fitchburg Systems & Side 
Branch Ipswich Reading Branch Division Facilities Total 
EQUIPMENT 
Locomotives 350 2,103 eos 1,402 1,402 7,010 
Coaches 4 42 40 26 2) 133 
REPAIR-MAINTENANCE 
FACILITIES 
LAYOVER FACILITIES 
TRACK 5,130. 4,636 144 1.939 3,587 15,397. 
BRIDGES 162 Sereo 145 14,027 
SIGNALS 130 380 77 630 B15 312 2,344 
STATIONS 
PARKING 
ADDITIONAL TRACK 
OR R-O-W 
TOTAL 5,776 20,881 1,984 3,988 5,825 457 38,911 
SOUTH SIDE 
South 
Side South 
B&A Shore = Central Side 
Framincham Needham Franklin Providence Stouchton Systems Total 
EQUIPMENT 
Locomotives 1,052 1,402 1,052 2,804 790 —7,Q10 
Coaches 24 34 24 62 . 23 167 
REPAIR-MAINTENANCE 5,500 § £90 
FACILITIES 
LAYOVER FACILITIES 
TRACK 1,780 1,463 100 2,143 
BRIDGES- 
SIGNALS no. est. no. est. no est. 
STATIONS 
PERKING 
ADDITIONAL TRACK 
OR R-O-8 
TOTAL 1,076 2.616 rae, 2,866 823 5,509 15,429 
TOTAL 
PLAN "A" 54,331 


CAPITAL COSTS FOR PLAN “A” (LIMITED INVESTMENT) 
(IN $1,000s) 


NORTH SIDE 
“ ' horty 
Eastern New Hampshire Side 
Route | Including Central North 
Gloucester Boston to Woburn Fitchburg Systens &£ Side 
Branch Ipswich Reading Branch ’ Division Facilities Total 
EQUIPMENT 
Locomotives 350 2,103 1,753 1,402 1,402 7,010 
Coaches 529 6,306 6,306 5,520 3,681 22,362 
REPAIR-—MAINTENANCE 6,500 6,500 
FACILITIES 
MYOUER raveblTIES 
TRACK 7,360 9,110 1,375 9,020 11,880 "38,745 
aRIDG 2,500 17,250 1,000 500 $05 2. 21,750 
SIGALS 455 847 187 1,280 1,255 737 4,755 
STATIONS 
PARKING 
ADDITIONAL TRACK 
OR R-O-n 
TOTAL 11,185 . 35,615 10,a1- 17,722 18,718 7 fr EV) 101,102 
SCUTH SITE 
South 
Side Scuth 
BSA. : Sicre Central Side 
Framincham Needham Frasctlin rrevidance Stouchton Systems Total 
EQUIPMENT 
Locomstives 1,952 1,402 1,052 este“ 5) 700 7,010 
Coaches 3,415 4,730 4,468 8,674 5 bag ore 24,440 
REPAIR-MAINTERANCE d 5,500 €,500 
FACILITIES 
LAYOVER FACILITIES 
TRACK 1,629 2,830 390 §,340 
“S21D0GES 600 600 
SIGNALS 1,850 zo 1,870 
i Pape rehs 
PARKING 
ADDITIONAL TRACK 3,230 3,220 
OR R-O-W 
TOTAL 4,467 13,432 8,350 11,478 4.263 5,500 _ 47,490 
TOTAL 
PLAN ° 8“ 148,532 


CAPITAL COSTS FOR PLAN “B” (STABILIZED SERVICE) 
(IN $1,000s) 


NTH SIDE 
; Korth 
Eastern New Hampshire Side 
Route Including Central orth 
Gloucester Boston to Woburn Fitchburg Systems 2 Side 
Branch Ipswich Reading Branch ‘ Division Facilities Totai 
EQUIPMENT 
Locomotives pak 4,719 2,360 2,360 2,360 12,742 
Coaches 2,889 16,106 9,626 10,171 5.329 44,323 
REPAIR-MAINTEWANCE 19,000 19,00C 
FACILITIES 
LAYOVER FACILITIES _ Decisions needed on Locations = 
TRACK 9,260 16,700 §,555 18,540 23,240 é faeeee 
BRIDGES 5,065 32,260 1,000 500 500 39,32: 
SIGNALS 4,105 9,325 2,300 9,080 14,780 — 7,362 46,952 
STATIONS Inforsation not available yet ri 
PARKING Information not available yet F 
ADDITIONAL TRACK mas e 
“OR R-O-W 
TOTAL » | 22,263 75,110 20,251 / 40,551 46,209 26,362 | 235,43 
pele A LS 
South 
Side South 
BZA Shore Central Side 
Framincham Nesdham fracxlin #revicsnce Stoughton Systems Total- 
EQUIPMENT 
Locomotives 1,887 2,360 1,887 4,264 1,413 11,731 
Coaches §,994 7,293 7,578 14,207 5,899 39,971 
ROPAIR-MAINTENANCE p 18,000 18,009 
rACILITIES 
LAYOVER FACILITIES : Decisions neeced on Locations - 
TRACK 3,890 6,950 1,520 12,360 
SR 1DGES 600 300 500 
SIGNALS 7,850 3,775 “ 430 6,055 
STATIONS Information not available yet - 
PLNKINs Information not available yet - 
RODITIONAL TRACK 3,230 2,620 5,250 
OR R-O-W 
TOTAL 6,581 19,223 22,810 18,451 $,562 18,000 $4,927 
TOTAL 
PLAN "C* 330,383 


CAPITAL COSTS FOR PLAN “C” (FULLY RESTORED SYSTEM) 
(IN $1,000s) 
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4.0 CALCULATION OF COSTS FOR BUS REPLACEMENT ALTERNATIVE 


4.1 GENERAL STRATEGY 


EOTC's first step in designing replacement service! for 
each rail line was to examine travel patterns on the 
line. Results of ticket audits and of the 1976 on- 
board survey showed that with the exception of the East- 
ern and Fitchburg routes, the volume of travel between 
station pairs outside Boston is negligible. Therefore 
a decision was made to ignore on-line trips except for 
the two routes cited above. On the Eastern Route about 
12* percent of all trips are made between stations out- 
side Boston. However, a more detailed examination 
revealed that the local trip pattern is unstable and is 
therefore almost impossible to design replacement serv- 
ice for. This resulted in a decision to design a net- 
work for the needs of the Boston trips only, as in the 
Majority of corridors. 


On the Fitchburg Route about 25 percent of all trips 
are made between stations outside of Boston. More than 
half of this local travel is accounted for by trips to 
or from Cambridge Station at Porter Square. This vol- 
ume was sufficiently great to justify establishment of 
bus service from suburban stations to Cambridge as well 
as to Boston. Cambridge routes were designed to serve 
Harvard Square directly. 


The location of the downtown terminal is an important 
factor in determining the market for commuter rail serv- 
ice. All Northside rail lines terminate at North Sta- 
tion, but the majority of users of the service have 
destinations nearer to downtown Boston. Bus routes to 
replace Northside commuter rail were designed to termi- 
nate at Haymarket Square rather than North Station 
because this would be more convenient for most riders. 
However, the existing Haymarket bus terminal is already 
quite congested during peak hours. Additional facili- 
ties would be needed in order to accommodate the number 
of buses required for rail replacement service. 

Another possibility would be conversion of North Sta-~ 
tion to a bus terminal, but this is'a less favorable 
location than Haymarket for bus access as well as for 
pedestrian access. 


All Southside commuter rail routes terminate at South 
Station, and include a stop at Back Bay. During 


construction of the relocated Orange Line, trains on 
the Providence, Stoughton and Franklin routes will by- 
pass Back Bay, but some form of substitute service to 
Back Bay will be provided. When construction is com- 
pleted, trains will again serve Back Bay. Bus routes 
to replace Southside commuter rail service were 
designed to serve South Station and Copley Square. 
Because of traffic congestion between these points, 
separate routes to the two stations would be provided 
if volume is sufficient. F 


\ 
Schedules for buses replacing rail service were devel- 
oped on the basis of existing rail schedules and 
volumes. In general it was assumed that buses replac-. 
ing inbound trains should Maintain the current Boston 
departure times. Some adjustments from this were made 
in order to improve utilization of operators and vehi- 
cles. In cases where volume required more than one bus 
at a station to replace a certain train it was assumed 
that departures would be staggered in order to provide 
more choice for users. 


Initially it was felt that replacement buses should be 
designed to serve the same communities served by com- 
muter rail, but did not necessarily have to run 
directly to all railroad stations. Most replacement 
routes were ultimately designed to serve existing sta- 
tion sites in order to take advantage of parking lots. 
Sites of additional stops are not identified specific- 
ally in most cases, but assumed running speeds through 
densely populated areas would allow some extra stops. 
Such extra stops would reduce access distance for 
certain users, and would partially compensate for the 
longer line-haul time of buses compared to rail service. 
Analysis of origins of rail users found several cases 
in which there is a large volume of park-riders that 
would be better served by a station located at a new 
site. Bus routes to serve these new facilities were 
included in the replacement network. For example, 
nearly one-third of the users of Beverly Station live 
outside Beverly and could reach North Shore Shopping 
Center as easily as Beverly Station. There is already 
small-scale private-carrier bus service between the 
shopping center and Boston. Bus time from that point 
to Boston is less than bus time from Beverly to Boston, 
and diversion of park-riders to the shopping center 
would reduce congestion in downtown Beverly. For the 
benefit of riders living in Beverly there would also be 
bus service to Beverly Station, however. For the num- 
ber of buses assigned on each line, see Table 3-4 in 
Section 3.1.1. 
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4.2 CREW ASSIGNMENTS 


The first step in estimating the cost of bus replace- 
ment services was to assign drivers to the various 
routes. In assigning drivers, it had to be remembered 
that they can work a maximum of eight hours per day; 
however, these eight hours can be spread over a thir- 
teen-hour period. Work performed between the 10th and 
llth hour on duty is paid at time and a half and any 
work performed after the llth hour is paid at double 
time. Due to the nature of service (peak hour only) on 
the majority of the routes, drivers would actually 
spend only four or five hours of the eight-hour work 
day in revenue service. However, two or three of these 
hours would be paid at overtime rates since they occur 
after the 10th hour of the shift. (This situation 
could be improved significantly by employing part-time 
drivers; however, union rules do not allow this prac- 
tice.) 


It was found that the most efficient utilization of 
drivers occurs on the Eastern Route, where 63 percent 
of the drivers' time is spent in revenue service and 
only 14 percent of the eight-hour shifts is overtime. 
It should be pointed out that this group of routes has 
a significant amount of off-peak service. The Franklin 
Replacement Service is the least efficient. Only 55 
percent of the drivers' time is spent in revenue serv- 
ice, and 18 percent of the eight-hour shifts is over- 
time. See Table 3-5 for the distribution of drivers on 
each commuter rail line. 


4.3 GROSS OPERATING COSTS 

The costs of operating the various replacement services 
were divided into the following four categories: (a) 
bus-mile variable costs, which include fuel, servicing, 
repairs, miscellaneous bus service employees and vari- 
ous other transportation expenses; (b) bus-hour costs, 
which include the wages and fringe benefits of bus 
drivers and their supervisors; (c) variable route-mile 
costs, which include costs of shelters and bus stop 
Signs; and (d) costs of injuries, damages and claims. 
Cost formulas which EOTC staff developed in 1975 had to 
be updated to allow for present operating costs. 1977 
costs were not available for the elements included in 
the first category; therefore, the percent change in 
the cost of each element between 1975 and 1976 was 
applied to 1976 costs to estimate the 1977 variable 
cost per bus-mile. The bus~-hour cost formula was 
updated by using the 1977 wage rate. (It should be 
noted that a separate formula had to be developed for 
each service because the factor, whichincludes fringe 


pat 


benefits, overtime pay, deadheading, the amount of time 
spent in non-revenue service and superintendence, was 
different for each service.) The variable route-mile 
cost formula was not updated because of the difficulty 
in estimating costs from available data due to the 
overlapping of many routes. The formula for the costs 
of injuries, damages and claims was not adjusted 
because it is already based on five-year average costs. 
The 1977 formulas for estimating costs of bus replace- 
ment service are as follows: 


A) Bus-mile variable cost: (Bus-miles) ($0.92) | 

B) Hourly cost: 
(scheduled run-time & delay time + layover time) 
x (($8.62) (total bus trips) ) (factor*) 


C) Route-mile cost: $250/route-mile/year 


D) Injuries, damages and claims settled: 
$6,500/100,000 bus-miles 


Operating costs by department and by rail line for this 
alternative are shown in Table 4-l. 


Weekend schedules were not developed for these serv- 
ices; however, an EOTC study revealed that yearly costs 
(including weekend service) can be approximated by 
multiplying daily costs by a factor of 300. 


There are fixed costs associated with the provision of 
bus service; however, it is almost impossible to allo- 
cate them to separate groups of routes because of the 
large number of bus routes that the MBTA operates. An 
attempt was made to estimate the 1977 costs of the 
various elements that make up overhead costs, in the 
same manner in which the elements of bus-mile variable 
costs were estimated, since it is known that they 
inflate at different rates. However, it was found that 
many of the elements vary greatly from year to year. 
Therefore, 1975 overhead costs as a percentage of 1975 
variable costs and 1976 overhead costs as a percentage 
of 1976 variable costs were averaged, and the resulting 
percentage was applied to the variable costs of each 
route to determine overhead costs. 


‘ 
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*The factors are: Eastern Rte., 2.81; New Hampshire 
Rte., 3.12; Fitchburg Rte., 2.94; Providence & Stough- 
ton Rte., 3.15; Franklin Rte., 3.30; Reading Rte., 
2.40; Needham Rte., 2.40; Framingham Rte., 3.59. 
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4.4 CAPITAL COSTS 


Capital costs, which include equipment, two bus termi- 
nals and a garage, were estimated by EOTC. Annualized 
capital costs were determined according to the assumed 
life span of each project by using six percent and nine 
percent discount rates. In order to operate the bus 
replacement alternative, the MBTA would need to pur- 
chase 262 new buses, build two new bus garages, and 
provide three new or rebuilt terminal facilities, at a 
total capital cost of $31,460,000. This is an annual- 
ized cost of $3,904,000 (capital costs include cost for 
garage and terminal facilities). 


TECHNICAL APPENDIX a.2 
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1.0 SUMMARY 


1.1 METHODOLOGY 


The travel-demand analysis conducted for the CRIP 
study used disaggregate models. It considered- the 
decisions travelers make in relation to trip 
destination and travel mode, and it was founded on 
the assumption that these decisions are affected by 
the travel time and cost of the travel alternatives 
available to the individual as well as his personal 
tastes and socio-economic characteristics. 


To determine how a given change in the transportation 
system is likely to affect these two kinds of 
decisions, it is necessary to trace the effects of 
changes in travel time and cost through the entire 
travel-decision process. The models developed for 
this study are based on choice theory and use 
individual consumers, e.g., a household or an 
individual as a unit of observation. 


In choice theory, it is assumed that an individual 

will select the option from which he derives the 
greatest utility based on his individual utility 
function. A utility function measures the value 

placed on each travel option by an individual according 
to the service characteristics of that option and his 
own socio-economic characteristics. Since there is 
always some uncertainty in the measurement of this 
function, it is only possible to determine the 
probability that a particular alternative will be ~ 
selected. Assuming probabilistic behavior rather than 
the deterministic behavior of traditional theories 
makes it possible to explain the existence of different 
choices for the same set of observed variables. 


The CRIP study examined the two most frequent trip 
purposes - work trips and shopping trips and this 
dictated development of two classes of models: a mode 
choice model for work trips and a destination and 
mode choice model for shopping trips. Mathematically 
a logistic curve served as a basis for modeling the 
choice of individuals. A logistic flunction suggests 
that the probability of an individual choosing a 
particular mode out of a set of available alternatives 
is based on the observations of past behavior in 
Similar circumstances. The formulation is a function 
of an individual's utility for alternative travel 
options. 


ae = 


The utility of a particular mode is dependent on certain 
level of service characteristics of that mode and on 
certain socio-economic characteristics of the individual. 
Specifically, the variables included in the utility 
functions for the work trip model were in-vehicle and 
out-of-vehicle travel time, out-of-pocket costs, annual 
household income, number of persons per household, the 
number of cars divided by the number of licensed drivers, 
the position in the household and occupation of the 
individualtraveler. For the shopping trip model a retail 
employment variable was added to the same variables, used 
in the work trip choice model. In the model chosen for 
this analysis, specifications of all of the variables © 
except those of household size and the occupation of 

the traveller were represented. 


To calibrate the relationship between the probabilities 

of chosing a specific alternative and an individual's 
utility function, observations of actual travel choices 
were used together with the socio-economic characteristics 
of the decision-maker and the level of service 
characteristics of available transit modes. 


The data used to estimate these models came from a 
number of different sources (e.g., the 1976 Commuter 
Rail Survey, the 1977 North Shore bus survey, 1970 
Census, and 1963 Home Interview Survey). A sample of 
600 observations was developed from these sources; 
400 to be used for model calibration and 200 for 
model validation. 


Since disaggregate models require transportation system 
level-of-service data and socio-economic for each 
decision-maker, it was necessary to transform much of 
the available data from a zonal base to the required 
format. The data used to estimate the logit models 
was composed of a sample of actual mode choices given 
certain level-of-service variables and socio-economic 
characteristics. Once the individual probabilities 
were determined from the estimation of the models, the 
results were summed up to determine the mode split. 
These results were then validated using the additional 
sample of 200 observations. 


The next step in the travel forecasting process was to 
mathematically derive elasticities from the the 

estimated coefficients of the logit models. Elasticities 
measure the percent change in mode share from a one 
percent change in level of service variables. To 
determine how the specified capital investments in 
commuter rail would affect service levels a number of 
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key variables were selected including 1) frequency of 
service, 2) running times and 3) reliability of service 
for each of three modes: auto, rail and bus. 


The change in these level of service variables for each 
alternative was computed and compared to existing 
commuter rail level of service characteristics. The 
elasticities were then applied to current rail rider- 
ship to obtain ridership forecasts for each alternative. 


\ 
1.2 POLICY IMPLICATIONS 


The policy implications which can be drawn from the 
estimated models, given the limitations of the data 
from which they are estimated, are: 


o Those people having access to a car are very 
likely to use the car for work trips. 


o Those people having access to a bus and trai 
only are very likely to use the train. 


o The chance that a given person will choose to 
use a car increases as the trip length increases. 


o Out-of-pocket travel costs have a very small 
effect on mode choices (with data utilized in 
this study). 


o Out-of-vehicle travel time is considerably more 
burdensome than in-vehicle travel time, with the 
time taken to park a car being particularly 
onerous. 


A major concern of the study was to predict total 
travel demand per facility under different transit 
improvement programs. The methodology applied is 
best explained with a simple illustration. Much can 
be learned about travel and the influence on that 
demand of various engineering and policy measures, 
through analysis of demand elasticities (the 
proportional change in demand due to specified changes 
in the independent variables included in the model). 
The effects of mode choice from specific policy or 
engineering measures have been calculated. For 
example, simultaneous introduction of an increase in 
the out-of-vehicle travel time for car trips by 30 
percent together with a 20-percent reduction in out- 
of-vehicle travel time (walking and waiting) by train 
results in a two-fold increase in the number of 
public transit users. 


The findings of the study are in agreement with the 
results of the research in the field as well as 

a priori expectations based on the experience with the 
system. eee 


1.3 OUTLINE OF THE APPENDIX 


Chapter 2 provides a discussion of forecasting models, 


reviews the structure of the prediction process in~ ~~ 


transportation planning and describes forecasting , 
procedures. 


Chapter 3 describes the travel theory used in the 
study, the variables of the model and the estimation 
technique. 


Chapter 4 reviews the data used in the models and the 
processing of that data. 


Chapter 5 introduces the work mode choice model, the 
variables and specification of the model. 


Chapter 6 describes the shopping-trip mode and 
destination choice model and compares it with the 
work mode choice model. 
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2.0 FORECASTING MODELS 


2.1 INTRODUCTION 


In transportation planning, forecasting models are! 

used to predict the consequences of alternative plans 

and policies. Almost invariably there is a wide range 

of alternatives that need to be evaluated. These alterna- 
tives consist of specific configurations of the supply 

of transportation services, where supply is defined as 
both qualitative and quantitative changes in the level 

of service provided by a transportation system. 


Possible transportation-system-supply configurations are 
many and varied, some of wnich result from explicit 
policies and others which are to a greater or lesser 
extent uncontrollable. Some of these changes are as 
follows: 


@e Changes in transit service and operations 
e Alterations in transportation pricing 
e Reduced energy availability. 


Each of these transportation supply shifts has a great 
number of potential impacts which must be considered 
in evaluating alternative policies. Air quality, 
energy consumption, noise levels, the economic viabil- 
ity of transit systems and levels of congestion all 
depend to some extent on the nature of the transporta- 
tion system. The core of forecasting these impacts is 
the prediction of travel demands, i.e., the amount and 
nature of travel likely to utilize the transportation 
system. 


There are four basic alternative approaches to travel- 
demand models: 


1) Aggregate simultaneous models - Charles River 
Associates' San Francisco demand model (CRA, 
IG 7h, 

2) Aggregate recursive models - the traditional UTPS 
models, — ! 


3) Disaggregate simultaneous models - as estimated 
by Ben-Akiva (1973), 
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4) Disaggregate recursive models - the disaggregate 
modal split models (Reichman and Stopher, 1971: 
PMM, 1972) and the more recent demand model 
estimated by CRA (1973). 


In addition to these four alternative model-estimation 
approaches, there are also two ways to use the esti- 
mated models in predictions. The two alternative ways 
of predicting trips for a specific purpose character- 
ized by its origin (i), destination (d) and mode (m) 
are: \ 


1) Direct - directly predicting the volume of trips 
Viam, for example (this is the predictive 
counterpart of simultaneous model estimation) 


2) Indirect - predicting V; first, then Vig, and 
finally Vigm, for example (this is the fore- 
casting counterpart of recursive model estima- 
CLO )is 


The current trend in travel forecasting and the 
approach pursued in this study is toward disaggregate 
Simultaneous models and direct forecasting. 


2.2 INTERACTION BETWEEN LOCATION AND TRANSPORT 


Travel is almost always undertaken for a certain pur- 
pose that can be served at a destination of a trip. 
The exception is a pleasure ride which is made solely 
for its own sake, but such trips are relatively infre- 
quent and probably non-existent in dense urban traf- 
fic. Hence, if the traveler does not derive any 
utility from the trip by itself, travel can most log- 
ically be considered an intermediate good (Oi and 
Shuldiner, 1962; Kraft and Wohl, 1967). The demand 
for such an intermediate good is derived from the 
consumption of the final good. 


In the case of travel, the final good is the activity 
at the destination of the trip; e.g., work, shopping, 
etc. The demand for this activity is in turn a func- 
tion of its price, which includes the cost of the 
associated trip as well as non-monetary costs such as 
time, convenience, comfort, etc. Given the demand for 
this activity, the demand for trips alone can at least 
be conceptually derived. As an example, consider the 
demand for theater visits. It will: depend, among 
other things, on the price of the ticket and the cost 
of the trip to the theater, including parking fee if a 
car is used. The demand for trips to the theater is 
hence determined from the demand for theater visits. 


2.2.1 Transportation Demand and Population Shifts. 


The local decisions of decision-makers in firms, 
households, and in the public sector ultimately deter- 
Mine the pattern of trips for the various activities, 
and the available supply of transportation influences 
these location decisions. This observation brings out 
a rather unique case of a limited demand curve. 


In general, a demand curve in a classical economic 
Static framework is assumed to shift due to income 
changes and changes in prices of other commodities, 
and aggregate demand will shift also due to natural. 
growth of the population. However, in the case of 
transportation, in addition to the usual demand 
shifts, the improved accessibility may attract new 
locators which will further increase the volume of 
trips, or actually shift the demand curve to the 
right. Furthermore, there may be shifts to the left 
in locations where the supply does not change, since 
locations are often incompetition as locational alter- 
natives for households and firms. 


This behavior is illustrated in Figure 2-l. The demand 
curve D, is the curve that is in effect with, the sup- 
ply curve S}. The equilibrium volume of trips is q 
at a generalized travel price (including both money 
outlay and travel time) of P,- An improvement in the 
transportation system results in a new supply curve, 
S5. The new equilibrium volume and price are q5 and 
Po, respectively. However, this is only a short-run 
equilibrium. In the longer run the demand curve can 
be expected to shift to the right along the supply 
curve S5 and the demand curve D5. The shift of the 
demand curve from Dj to Dy is conventionally attrib- 
uted to changing income, prices of other commodities 
and exogenous population changes. However, in our 
case, part of the shift is attributed to the fact that 
the supply curve shifted from S; to S59. The long-run 
equilibrium is q3 and p3 


It may be argued that the supply of transportation 
plays only a minor role in determining the total mag- 
nitude of many activities, and that therefore the 
demand shift attributed to the change in supply is 
negligible. However, while the total magnitude of 
activities (e.g., the number of households) is rela- 
tively unaffected by supply changes, the spatial 
distribution of the activities is directly related to 
transportation (Meyer, 1963). Since demand for travel 
makes no sense unless it is spatially disaggregated, 
the shift in the demand curve will be caused primarily 
by the changing distribution of activities. 
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The implication of this interaction between location 
and transportation is that if we want to properly 
evaluate major changes in transportation services, we 
should model the effect of transport on the spatial 
distribution of activities. In particular, we should 
model the locations decisions of potential travelers, 
which are closely related to their travel demand. 


For example, an improved transit service on a given 
line will attract more riders but will also influence 
people who consider using the service to locate near 
the line stations. More dramatic effects have been 
observed in the implementation of urban freeways. 
Initial designs based on travel demand forecasts that 
failed to adequately account for significant popula- 
tion shifts resulted in facilities such as the Long 
Island Expressway in New York being congested almost 
from the time they were opened. 


It is principally because travel demand shifts as a 
result of changes in the transportation supply that 
transportation planners have found it essential to 
forecast population. This, accompanied with the need 
for predictions which are spatially disaggregated, 
requires that small-area population forecasts must be 
made as an integral part of the transportation plan- 
ning process. 


2.3 STRUCTURE OF PREDICTION PROCESS 
IN TRANSPORTATION PLANNING 


The foregoing discussion described the interactions of 
the travel-demand function with the location of activ- 
ities and the supply of transport services. We pro- 
ceed now to outline a structure for prediction in 
transportation planning for which the forecasting of 
small-area population is a part. 


The problem of prediction in transportation planning 
is to anticipate the impacts from a proposed change in 
the transportation system. We can distinguish between 
two types of impact: internal and external. The 
internal impacts depend on the new equilibrium in the 
transportation system. The external impacts depend on 
the effects the change in the transportation system 
has on the equilibrium of related markets. We will 
refer to these markets, which constitute the environ- 
ment of transportation, as the activity system. For 
example, construction of a new highway will affect the 
equilibrium in the transportation network. In addi- 
tion, it will also affect the activity system; e.g., 
changes in population distribution in the vicinity of 
the highway, changes in the production costs of manu- 
facturing firms located near the highway, etc. 


In general, the transport planner cannot directly 
change the activity system. However, it is evident 
that changes in the activity system will have a very 
significant effect on transportation and that meaning- 
ful forecasts of demand must explicitly consider such 
changes. 


Conceptually, the basic problem for the transport 
planner is to predict the equilibrium in the transpor- 
tation system. This equilibrium, or pattern of flows 
in the transportation network, consists of the volumes 
of trips and the service levels experienced by those. 
volumes.* In the short run the flow pattern is the 
result of an equilibrium between supply and demand. 
This pattern of flows has as its consequences a broad 
range of impacts such as energy usage, costs, pollu- 
tion, land use, etc. These impacts will be called 
resource consumption, and can be forecast as a conse~ 
quence of travel flows. 


This short run equilibrium is depicted in Figure 2-2. 
Supply-and-demand functions are solved simultaneously, 
and resource consumption is forecast as a result of 
the equilibrium. 


However, the modelling structure required to forecast 
the long-run equilibrium must also account for activ- 
ity system shifts. This structure is depicted in -Fig- 
ure 2-3. As before, supply and demand are equilib- 
rated, but an additional factor, activity shifts, has 
been added. These shifts are in turn an input to the 
demand model. It is this feedback loop that produces 
some of the most difficult methodological problems in 
transportation planning, since the population for 
which travel demand is being forecasted is in itself 
affected by the policies under consideration. 


2.4 FORECASTING PROCEDURE 


Our approach is based on the intuitively simple obser- 
vation that "zones don't commute--people commute" 
(McFadden and Reid, 1975). In order to represent the 
decisions which determine the impacts of transporta- 
tion in a behavioral way, transportation planners have 
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*By service level we refer to all the service charac- 
teristics of a trip: travel time, travel cost, 
safety, comfort, etc. We can regard this service 
level as a vector of prices that if combined can be 
regarded as a generalized price. Similarly, volume 
can be regarded as movements of vehicles, goods or 
people by more than one mode. 
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turned to modelling approaches which utilize the 
choices of individual decision-makers (in general, 
households or individual travelers) as the unit of 
observation. These models have generally been termed 
disaggregate behavioral models. 


In order to develop disaggregate models, transporta- 
tion planners have adopted a choice theory perspective 
initially developed by mathematical psychologists 
(Luce and Suppes, 1965). The analytic details of this 
methodology are developed in numerous references , 
(e.g., Ben-Akiva, 1973; Charles River Associates, : 
1972) and will not be explored here. It suffices to 
state that choice theory is concerned with the behav- 
ior of an individual decision-maker confronted with a 
set of alternatives from which one and only one must 
be selected. The decision-maker is assumed to assess 
each option with a utility function and select the 
option from which he derives the greatest utility. 
However, because there is always some uncertainty 

in the measurement of this utility function, it is 
impossible for an observer to know which alternative 
the decision-maker will select; only the probability 
of selection for each alternative can be determined. 
By observing the actual choices, or revealed prefer- 
ences, of the decision-makers, estimates of the param- ~~” ~ 
eters of the utility function can be obtained which 
can then be used for forecasting. 


Because disaggregate models are estimated using obser- 
vations of individual travel behavior, they have sev- 
eral distinct advantages over aggregate travel demand 
models. These advantages include the following: 


e Disaggregate models, not being tied to any par- 
ticular zonal system, can be used at any geo- 
graphical level; i.e., they can be aggregated up 
to any level and once calibrated are applicable 
for both areawide and sub-regional planning. 


@ Because disaggregate models are behavioral rather 
than correlative, they are more easily trans- 
ferred from one situation or area to another. 
This behavioral property attributed to disaggre- 
gate models has been sustained by recent examples 
of geographic and temporal transferability 
(Atherton, 1975; Cambridge Systematics, 1975). 


@ Disaggregate models make efficient use of the 
large base of home-interview surveys which are 
typically available in transportation planning 
studies. Several studies (Fleet and Robertson, 
1968; McCarthy, 1969) have shown that the aggre- 
gation of data at the zonal level eliminates more 
than half the total data variability. 
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The efforts of transportation planners to develop more 
behavioral models at the disaggregate level have also 
led to a new perspective in examining how the complex 
web of transportation decisions made by travelers is 
structured. Earliest disaggregate models typically 
took as given the basic structure of the UTPS sequence: 
land use, auto ownership, trip generation, trip distri- 
bution, modal split and assignment. Thus disaggregate 
models developed by Warner (1962), Lisco (1967), Lave 
(1969) and others simply took one aspect of the UTPS 
modal split and replaced the traditional aggregatq ~~ 
model with a disaggregate behavioral one. However, 

the UTPS sequence has virtually no behavioral founda- 
tion; travelers or households simply do not make one 
decision after another in a simple sequential fashion. 


A general rethinking of a more realistic decision 
structure led to a far more credible theory, termed the 
choice hierarchy, eg. (Ben-Akiva, 1973). The choice 
hierarchy distinguishes between two groups of deci- 
sions. The first class, termed mobility choices, con- 
sists essentially of the long-run transportation- 
related decisions which households make. These 

choices include employment location, residential loca- 
tion, housing and automobile ownership. Such deci- 
sions are not generally made on a daily or weekly 
basis. Instead, they are made relatively infrequently. 
In addition, mode-to-work is included, since a trip 
made every workday is likely to be considered simul- 
taneously with any change in the other decisions. “a 


The second class of decisions, termed travel choices, 

- includes the choices made by the household members 
with respect to non-work trips. Examples of travel 
choices include frequency, mode, destination, time of 
day, and routes for shopping, recreational, social and 
other non-work travel purposes. These choices are of 
a more short-run nature and can be altered rather fre- 
quently. Furthermore, it is hypothesized that the 
particular non-work trips a household makes are not 
re-evaluated jointly with the mobility choices. 


Within each of these two groups of decisions the 
choices are highly interdependent. A household's 
choice of residential location should be viewed as an 
element of the mobility decision or, in other words, 
as made jointly with all other mobility choices. In 
the same manner, the choice of travel mode for a shop- 
ping trip, for example, should be viewed as an element 
of a shopping travel decision. The travel choices are 
assumed to be directly conditioned by the mobility 
choices. The outcome of the mobility choice deter- 
mines the options available to the household for the 
travel choices. Thus, mobility and travel decisions 
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are made hierarchically, the latter conditioned on the 
former. 


The structure of this postulated hierarchy is depicted 
in Figure 2-4. Each block represents a distinct model 
for a related group of choices; however, within each 
block the choices are made by a joint decision process. 
By this, it is meant that the household considers all 
relevant combinations of the various choices and evalu- 
ates each available combination as a direct alterna- 
tive. This allows the household to consider the full 
range of possible trade-offs. For example, the house- 
hold may choose to live in the downtown area and own 
zero or one autos, or it may select a suburban dwell- 
ing with two cars. Similarly, in making its travel 
choices a household may trade-off the costs and bene=- 
fits of traveling to shop in a small neighborhood 
store against those of using transit to a central 
business district store. This choice simulation is 
termed as block conditional; the blocks or mobility 
and travel choices as single units have a conditional 
structure, while each block by itself has a joint 
structure. * 


The choice hierarchy can be translated into the terms 
of disaggregate choice models by considering the joint 
probability of a mobility choice and a travel pattern 
choice, denoted as MO and TP, respectively, being 
selected out of a set of possible mobility and travel- 
choice combinations. First, the household makes long- 
term decisions by a process modelled by P(MO), the 
probability of selecting each mobility choice alterna- 
tive. Then, the household makes travel choices condi- 
tional on MO by a process modelled as P(TP/MO)--i.e., 
the probability of selecting TP conditional on the 
selection of MO. 


Using both these models, the total joint probability 
can be derived by using the simple rules of probabil- 
LEV eT nus, 


P(MP,TP) = P(MO)- P(TP|MO). 


Obviously, the proposed choice hierarchy does not 
apply to every household. Some households may, for 
example, not make any work trips; for them, the work 
trip decision is irrelevant. Other households may 


*This hierarchy has a direct analogy in classical 
economic utility theory in terms of "utility trees," 
developed by Strotz (1957 and 1959) to justify con- 
sumer demand models which consider limited subsets of 
the entire set of possible consumer goods. 
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MOBILITY AND TRAVEL MODELLING STRUCTURE 


have no licensed drivers, and they therefore never 
choose to own autos. Nevertheless, if some care is 
exercised in defining the sub-population being model- 
led, the choice hierarchy is a useful conceptual base 
upon which more behavioral travel forecasting models 
can be built. 


Almost all of the more recent transportation modelling 
efforts have relied on the same probabilistic choice . 
model: the multinomial logit.* 

rE | 
The logic model has some distinct shortcomings (see 
Tversky, 1972). However, logit has the following 
advantages over some alternative probabilistic choice 
models. 


e It is analytically tractable, and can be esti- 
mated using available computer programs without 
prohibitively high computational requirements. 


@e It provides a great deal of flexibility in defin- 
ing the set of alternatives and in specifying the 
explanatory variables of the utility functions. 


e It has been successfully applied to model a large 
number of varied choice situations, both in 
transportation planning and marketing and in 
other consumer behavior processes. 


e The logit function mirrors the shape of a travel- 
er's expected response to a causal variable, and 
can be derived from the concepts of choice and 
utility theory. 


*The analytic details of the multinomial logit are 


described by McFadden (1973) or Ben-Akiva (1973). In 
Simple terms, the model postulates: 
sete 
BAGL AA 
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Where: P(i:A,) is the probability of decision- 
maker t selecting alternative i from 
the set of available alternatives, 
Al; 

t 
Viz is the indirect utility of alterna- 
tive i, a function of the attributes 
of the alternative and the charac- 
teristics of the. decision-maker t. 


The function Vi; is typically assumed linear in its 
parameters and is generally estimated using the maxi- 
mum likelihood technique. 


The first disaggregate modelling study to consider some 
set of travel decisions other than simply mode choice 
was performed by Charles River Associates CL ie pacar 
this pilot study with very small data samples, a 
sequence of choice models for shopping trips was devel- 
oped. This sequence was closely tied, conceptually, to 
the UTES, and was as follows: trip frequency, destina- 
tion, time of day and, finally, mode. 


In another small-scale study, Ben-Akiva (1973) aban- 
doned the sequential roots of the UTPS in the develop- 
ment of shopping trip models which considered mode and 
destination jointly; i.e., the mode and destination 
decisions of travelers were assumed to be inseparable 
in nature. Adler (1975) extended this work using much 
larger data samples to include trip frequency Ci. eer 
whether or not to travel on a given day) in the joint 
modal structure, and Lerman and Ben-Akiva (1979) 
developed such models for other non-work-trip 
purposes. 


There have also been efforts to apply choice models to 
mobility decisions other than the simple work mode 
choice problem. Aldana (1971) developed a series of 
models which assumed the following sequence: residen- 
tial location, automobile ownership, then mode. 


Ben-Akiva and Lerman (1975) developed the first joint 
disaggregate model for a subset of the mobility choices: 
automobile ownership of the household and mode to work 
of its primary worker. This study developed separate 
models for different market segments, i.e., separate 
socioeconomic groups with different preferences. Nine 
distinct segments defined by household life cycle and 
primary worker occupation were used. One of these mar- 
ket segments was defined for all households without any 
full-time workers. For this market segment, mode to 
work is not a relevant choice and therefore the general 
choice hierarchy needs to be modified. 


3.0 THE DEMAND FOR TRAVEL 


3.1 DEMAND FOR TRAVEL 


The complexity of travel demand is apparent from the 
way in which one characterizes a trip; e.g., by its 
Origin, its destination, the time of day when it is 
made, the mode of travel, the route, and the trip 
purpose. 


Trip ends are spatially disaggregated; a trip is made 
from a specific origin to a specific destination. For 
a work trip the origin and the destination are fixed by 
the choices of the residential location of the house- 
hold and the trip-maker's place of work. While one end 
of most other trips is fixed by the location of the 
trip-maker's home, there is usually a choice among 
several destinations. For example, a shopping trip can 
be made to either a local grocer or to a more distant 
shopping center. 


The time of day when a trip is made can be influenced 
by the effects of peak periods and the congestion 
usually associated with travel during that period. For 
the majority of workers, starting and finishing times 
are not totally within their control, yet they can 
Still decide to arrive early and leave late in order to 
avoid traveling during the peak period. Some degree of — 
freedom is also provided by employers operating flexi- 
ble working time systems (flex time). Optional activi- 
ties are less constrained, and the consumer can 
normally exercise a reasonable degree of choice as to 
when he makes a trip to and from such activities. 


In the Boston metropolitan area a traveler has a choice 
between private car, public transport (i.e., bus, train 
Or rapid transit), bicycle and walking. A traveler can 
also sometimes choose between driving his own car, 
being driven, or participating in a carpool. Some 
travelers can also choose to make a single trip utiliz- 
ing a sequence of different modes. A typical example 
of such a complex trip is the commuter who drives his 
car to a suburban railway station, parks the car, takes 
the train to the city center, and finally travels by 
bus to his place of work. In dense networks, 

the traveler can usually choose between several alter- 
native routes, especially when traveling by car, or bicy- 
cle or-moped. Speed, congestion, distance, safety, 
driving comfort and reliability can all affect the 
choice of route. 


For a given trip the traveler is faced with the follow-. 
ing set of choices: 


e choice of destination 
e choice of time of day 
e choice of mode, and 


e choice of route. 
In addition, a potential trip-maker has to decide 
whether or not to make a trip, or how often to make a 
trip for a given trip purpose. For example, families 
can shop with different frequencies: every day, twice 
a week, once a week, etc. 


A trip is rarely, if ever, made for its own sake, but 
for some purpose which can be served at its destina- 
tion, in order to gain some benefit or utility. Thus 
the classification of trip purpose does not represent 
an inherent characteristic of the trip itself, but 
rather stems from the recognition that the demand for 
trips is a derived demand, as pointed out in Oi and 
Shuldiner (1962) and Kraft and Wohl (1967). Therefore, 
trip-makers' behavior need not be the same for differ- 
ent trip purposes. 


Given the normal practice of defining classes of trip 
purpose, such as work, firm's business, recreation, 
school, social, shopping, and personal business, Linas 
reasonable to hypothesize that there is negligible sub- 
stitution between trips for different purposes unless 
the corresponding activities undertaken at the trip 
destination can themselves be considered as substitutes 
for each other. 


A trip from home to an activity is usually accompanied 
by a trip fromthat activity back home, forming a simple 
tour, or chain, of two trips; under more complex cir- 
cumstances, more than one activity can be undertaken, 
or satisfied, during the course of a complex tour 
composed of three or more trips. Ina complex tour the 
trips to and from each destination are generally inter- 
dependent, since decisions made with regard to the 
first leg both constrain and influence the decisions 
made with regard to the remaining legs, and the alter- 
natives available for those remaining legs can be 
expected to influence the decisions made concerning the 
first leg. For example, someone who goes from his home 
to shop by car is highly likely also to return home by 
car. If he chooses to make another. stop on this tour 
for shopping, or any other activity, his choice of the 
two destinations can not be considered as being 
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independent of each other, nor can his choice of mode; 


he has probably considered all elements of his travel 
decision pric, co starting OUuC ol iis? trip. 


Simple tours--e.g., home-work-home, home-shop-home, 


~etc.--have in most cases two identical legs, and there- 


fore pose no additional problems for modeling. In the 
few cases where the mode of travel for the two legs is 
not the same--e.g., going shopping by bus and returning 
by taxi--the relatively few possible combinations of 
modes could be handled by defining them as separate 
alternatives. However, for some complex tours the 
dimensions of choice--that is, the number of alterna- 
tive trip options--can be extremely large. It should 
be noted, however, that the majority of urban trips are 
elements of a simple two-trip chain, as pointed out by 
Adler (1977). 


J52e SAC HOLCE THEORY 


Models describing consumer behavior are based on the 
principle of utility maximization subject to resource 
constraints--that is, they are based on the assumption 
that the consumer will endeavor to maximize the bene- 
fits he can obtain within the limitations of the avail- 
able resources, usually time and money. This is an 
approach of economic consumer theory that assumes a 
selection of quantities from a set of commodities and 
the quantities demanded are treated as continuous vari- 
ables. Choice theories, on the other hand, consider a 
selection from a finite set of mutually exclusive and 
exhaustive alternatives. 


In the classical economic theory demand approach with a 
continuum of alternatives, a deterministic behavior is 
assumed, except for a random disturbance added in esti- 
mation to explain variation among individuals and to 
account for factors not incorporated. In choice 
theory, with qualitative or discrete alternatives, a 
probabilistic behavior is assumed which explains obser- 
vations of different choices for the same set of 
observed independent variables. 


The travel demand of a single consumer is more appro- 
priately viewed in a choice context rather than in the 
traditional demand analysis framework. Since travel 
choice can better be described as a probabilistic 
choice from a discrete set of mutually exclusive and 
exhaustive alternatives than as the selection of a 
quantity of a commodity, the travel demand models 
developed in this study rely on probabilistic choice 
theories. * 


*Choice theories are reviewed in Luce and Suppes (1965). 
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The consumer is visualized as selecting that alterna- 
tive which maximizes his utility. The probabilistic 
behavior mechanism is a result of the assumption that 
the utilities of the alternatives are not certain, but 
are random variables determined by a specific distribu- 
tion. 


If we denote the utility of alternative i to consumer t 
as Ujy+, the choice probability of alternative i is 
therefore: 
| 
P(i:A,) = Prob [Pie je! ¥Je A, | tc ee 5) 


where A. is the set of alternative choices avail- 
able to consumer t. 


This means that the probability of choosing one alter- 
native out of the complete set of possible alterna- 
tives, P(I:A,), equals the probability of the utility 
of that alteFnative being greater or equal to the util- 
ity of any of the other alternatives in the full range 
of alternatives. The utilities are essentially 
indirect utility functions which are defined in theory 
as the maximum level of utility for given prices and 
income. In other words, the utility U;; is a function 
of the variables which characterize alternative i, 
denoted as X;, and of the socioeconomic variables 
describing the consumer t, denoted as S,- Thus, 


U. 3d OA ed, 

a bw pe are Rete ae (3.2) 
A simple example of such a function is a utility func- 
tion for a mode choice model composed only of travel 
time and car availability. The travel time can be 
expected to vary between alternatives, while car avail- 
ability remains constant for a given person. The 
travel time would thus explain the choice of mode for a 
given person, and the car availability would explain 
differences in mode choice between persons having an 
identical set of levels of service for each available 
mode but different levels of car availability. The set 
of alternatives, A,, is both mutually exclusive and 
exhaustive such thét one, and only one, alternative is 
chosen. 


The deterministic equivalent of this theory is simply a 
comparison of all alternatives available and the selec- 
tion of that alternative having the highest Weil cy. 


The mathematical form of the choice model is determined 
from the assumptions about the distribution of the 
utilities. The coefficients of each of the variables 
comprising the utility functions are estimated over a 
cross-section of consumers using observations of the 


actual choices made and determination (or observation) 
of the alternatives available but not selected. There- 
fore, the observed dependent variable has a value of 
zero when an alternative was not selected and of one 
when an alternative was selected. When applied to 
forecasts, the model will give the probability of each 
of the alternatives being selected; the sum of these 
probabilities must clearly equal 1.0. 


3.3 TRAVEL CHOICES 


Given that for the individual trip maker the decision 
to make a trip for a given trip purpose consists of 
several choices (choice of trip frequency, choice of 
destination, choice of time of day, choice of mode of 
travel, and choice of route), we need to predict the 
volume of trips, Vidhmr, from Origin i to destina- 
tion d, during time period h, using mode m, and via 
route r. Or in a probabilistic choice approach, we 
are interested in predicting the following joint 
probability: 


P(f£,d,h,m,r,:FDHMR,). 


This is defined as the probability that individual t 

will decide to make a trip with frequency f£, to desti- 
nation d, during the time of day h, using mode m, and via 
route r, from the full set of available alternatives of 
frequencies (F), destinations (D), times of day (T), 
modes (M), and routes (R), available to individual (t): 
i.e., FDHMR;- In general the utility Usgpmr+ of a 

given trip can be denoted thus: 


Utdghmrt = Vsegnmr (Zfdahmrt) (32!) 
where Zfdhmrt = L-E,S (334) 


L = level-of-service characteristics, 
such as time, travel cost, safety, 
comfort, etc. 


E = spatial opportunity characteristics 
describing the availability and 
the intensities of the activities 
for which a trip is made - e.g., 
employment, land use, etc. 


S = socioeconomic characteristics of 
the trip-maker, such as income, 
education, etc. 


It should be noted that L and E both represent attributes 
of the alternatives; these can be more generally denoted 
DYutxX 
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For a mode choice model in which, in the interests of 
simplicity, we consider only one mode (m), destination 
(a), and frequency (f£), the utility function can be 
written thus: 


Ute = Um[ nla, £" S| (3.5) 


where Xnla ¢ means that the values of the vari- 
'* ables for mode m are for a given 
destination and frequency. 
\ 

This form of model is described as a conditional 
model, in that it is applied to the estimation of mode 
choice given that, or conditional upon, the frequency 
and destination being pre-determined. For a simul- 
taneous mode and destination choice model, the utility 
function is written as follows: 


Undat a Uma Xma| £’ Ss. | (3.6) 


In this case the selection of destination and mode is 
conditional upon a trip being made or, more precisely, 
upon the trip frequency, f. 


Clearly, the set of alternatives available to any 
given individual varies between choice situations, and 
thus the set of alternatives considered for any given 
person will be different for different models. Ina 
mode choice model, which assumes the destination 
choice as given, the set of alternatives is all the 
possible modes to the given destination. Ina simul- 
taneous destination and mode choice model the set of 
alternatives will include all the possible combina- 
tions of modes and destinations for a given trip pur- 
pose. The set of alternatives may also differ for 
otherwise identical persons at different locations. 
For example, the private car is not a feasible alter- 
native for a person from a household with no cars, and 
thus, for people from such a household, a shopping 

_ destination which can only be feasibly reached by car 
is not a valid alternative destination. 


3.4 THE LOGIT MODEL 
3.4.1 The Model 


In the previous section the demand for travel was 
characterized as a choice among a set of discrete, or 
qualitative, alternatives, just as the total amount of 
travel can be regarded as a choice among different 
trip-making frequencies. Since a potential traveler 
can decide not to make a trip at all, a no-trip 
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alternative must also be included in the set of alter- 
natives confronting him. Consequently, for any given 
traveler, one, and only one, alternative can be chosen 
from this set, but the set of alternatives can be 
assumed to be different for different travelers. 


The focus is on the probability of each alternative 
being chosen; thus the aggregate measures 


the share of each alternative. Clearly, the prob- 


ability, or the share, of any alternative must lie 
between zero and one (inclusive) and the sum of the 
probabilities (shares) of all alternatives must equal 
unity. 


The choice model used throughout this study is the 
multinomial logit model. Other choice models which 
Might be considered to be superior from a theoretical 
point of view, such as a multiple probit model, are 
more complex, and it is doubtful whether the added 
expense of more sophisticated choice models is justi- 
fied (de Donnea, 1971; Ben-Akiva, 1973). 


The logit model is written as follows: 


nies 
P(i2A s) = C347) 
£ Dn Us 
whe 
2 
jeA 
where t = a behavioral unit (in the case of 
this study, a person) 
bo Sh Pog dae ak 
A, = the set of relevant alternatives 
for behavioral unit t 
P(i:A,) = the probability that behavioral 
unit t will choose alternative i 
out of the set A, 
Us, = the utility of alternative i to 


behavioral unit t. 


The utility Uj, is a function of, the characteristics 
of alternative i (or generalized "prices") and the 
socioeconomic characteristics of behavioral unit t (or 
"income"). The characteristics of the alternatives 
could include the travel time to the alternative, the 
parking charge or congestion at that alternative, or 
some measure of its attractiveness, such as the number 
of employees. The socioeconomic characteristics 
include income and other variables, such as family 
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life cycle, education, etc., which can account Lox 
differences in tastes, etc. 


In essence this is thus an indirect utility function 
which is defined as a function of prices and income. 
Alternatively, it can be viewed as an expenditure 
function which is a function of prices. Hence, the 
function Us can be expressed in the form: 


£ 
where X, = a vector of characteristics of alter- 
native i 
Ss. = a vector of socioeconomic character- 


istics of behavioral unit t. 


It is assumed that the function Us, is a linear func- 
tion in the parameters: 


K 

Oe aise Cee >, Sitk eK (3.9) 
k=1 

where Key = a Kxl vector of finite functions 


which are constructed from the vari- 
ous X andS variables and are dif- 
erent from one alternative to the 
other (this definition is explained 
in detail in the following section) 


= (Xx, ) 


5 ak 4 (ri By ip? Aor Aer ie Bw 


0 = a Kxl vector of coefficients to be 
estimated for each model 


Xx Xx 


= (Oy, Onrecer 0.) 


This assumption can be justified if the U's are inter- 
preted as the combination of equivalent costs for the 
different alternatives; i.e., that the coefficients 
reflect the conversion factors from the units of the 
particular parameter to monetary units. For example, 
the coefficient of travel time would reflect value of 
time in dollars per hour, hence converting the time 
term to equivalent dollars. This assumption is 
required since the available estimation program 
requires linearity in the parameters. 


= Sacre GorLU) 
Rare 5 
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3.4.2 The Variables of the Model 


A variable in Xj+, say, Xj+,~, can be specified either 
as a generic variable or as an alternative specific 
variable. If the variable Xj+, appears only in the 
utility function of alternative i, then it has a value 
of 0 for all other alternatives; that is: 


X. = 0, ¥j # icA 


stk 8 seed 


1 


This variable is thus specific to i and is termed an 
alternative 1 specific variable. 


If the variable Xit~ appears in the utility functions 
of all the alternatives, it is termed a generic vari- 
able. Consider, for example, the variable of travel 
time in a mode choice model; if the travel times by 
the different modes are assumed to have a common coef- 
ficient, or weighting, in their respective utility 
functions, then travel time is specified as a generic 
variable. The variable X;;, will then take the value 
of travel time by mode m. If on the other hand the 
coefficients of travel time are mode- or alternative- 
specific, then a series of mode-specific variables can 
be introduced. In this case it is assumed, a priori, 
that the weight of travel time in the respective util- 
ity functions for each mode is not constant across all 
modes. The mode m travel time variable will then be 
specified as follows: 


_ Jtravel time by mode m, for i=m 
atk OF for iz#m 


and if there are M alternative modes, there will be a 
total of M travel time variables and’ coefficients. If 
all the variables in the model are generic, then the 
model can be described as an abstract-alternative 
model (Quandt and Baumol, 1966; Charles River Associ- 
ates, 1972). Since there are no variables present in 
such a model which relate to any specific alternative, 
but only variables which relate to characteristics 
common to all the alternatives, an abstract alterna- 
tive model can be applied for forecasting purposes to 
Situations substantially different from those used for 


model estimation. An abstract-alternative model is 
thus highly suited to the evaluation of systems not 
yet in use. 


Alternative-specific variables are relevant only when 
there is direct correspondence among the alternatives 
availabe to different individuals--e.g., alternative 
modes. The specification of all the variables ina 
model as alternative-specific implies that the utility 
functions are alternative-specific as well. 


When there is little correspondence between the sets 
of alternatives available to different individuals, 
one can use only generic variables. For example, if 
the set of alternative shopping destinations at one 
origin are entirely different from the destination set 
at a different origin, one can say that there is no 
correspondence between the sets of alternatives, and 
thus those alternatives can only be described through 
the use of generic variables. Another example is that 
of alternative routes which are inevitably different 
for different trips. 


If a generic variable takes the same value for all 
alternatives (jeA) for all individuals (teT)--i.e., 
for some k: Xitk, ¥ TeAw,A Vatetasthen it will have no 
effect on the model, due to the linear specification. 
In other words, the coefficient 9, is not identified. 
For example, if the variable Xi+, is income, then the 
same term is used to multiply the numerator and each 
member of the sum in the denominator, and it will thus 
cancel out. This means that all the variables in Xit 
must have alternative-specific values. This is not to 
be confused with alternative-specific variables; the 
reference here is to the value a variable assumes. 
Hence, the socioeconomic characteristics S, can enter 
the model only when they are transformed to have 
alternative-specific values. This can be done in two 
ways: 


1. Combining them with the X; variables: 
das a4 


where g* is a finite function (e.g., price 
divided by income). The function gk (X:, S;) has 
an alternative-specific value, and can be used 
to define either a generic or an alternative- 
specific variable. : 


2. Introducing a series of alternative-specific 
variables, each one of which takes the value of 
the socioeconomic variable for a certain alter- 
native and is otherwise zero. For example, an 
income variable for alternative one which equals 


income for alternative one and zero for all 
other alternatives. 


Furthermore, for a given socioeconomic variable, such 
as income, we can introduce only N-l alternative- 
Specific variables where N is the total number of 
alternatives. An attempt to estimate a model with N 
alternative-specific variables with the same value 
(e.g., income) will fail due to perfect "collinearity" 
(i.e., the likelihood function will have a ridge for 
multiples of 0). If we introduce such variables for 
the first N-1l alternatives, then the coefficient esti- 
mate of an alternative i specific variable is the dif- 
ference between the actual coefficient of alternative 
i variable and that of alternative N variable. This 
can be observed from rewriting equation (3.10) as 
follows: 


P(i:A) = ———_—_——_—_——— Gir?) 
» (X54 — X54) C) 
e 
JeA, 


If the model was originally written with N alternative- 
specific variables with the same value, the exponents 
in the sum will include differences of the original 
coefficients; thus only N-l differences can be identi- 
fied. It is apparent that this also applies to dummy 
variables which take that value of 1 and represent a 
"pure alternative effect," e.g., a mode-specific 
constant. 


2 at gi Elasticity of the Logit Model 


Sie Sendo Disaggregate Elasticitv 


For the logit model defined in (3.10) the disaggregate 
elasticity is described as: 


P(i:A,) 

E -.--direct elasticity 
Xitk 

P(i:A,) 

E .--cross-elasticity 
Keke 


or, in more complete form: _. ' 


P(i:A,) 2 aP(1:A,) Xiay 
E 2) OES Rae GREET (eteab a) 
x a ade ih 


jtk 


P(i:A,) P(i:A,) Xap 
= sere PUNE 1 Sc a (3-14) 
Xstk jtk t 
This results in: 
P{(i3A,) 
S "A 
a [1-P(ita,)] fie ings Pa (3.15) 
itk 
P(i:A,) | 
EB 2 [ -P(3+A,)| Bri yb (3.16) 
jtk 
General expressions for elasticities: 
P(i:A,) 
es = [855 -PCGA,) | ieee (3.17) 
jtk 
Fe pes ey ASSES Ih She symbol 


Note: if variable X;+, enters the model as Xit_, then 
the elasticities are as given above divided by 


Xitk: 


The direct elasticity varies from zero when the choice 
probability is one, to 9,%Xitk when the choice prob- 
ability is zero. If variable enters the model in a 
logarithmic form, the upper limit of the elasticity 
will be constant and equal to the coefficient Oy. 


The cross-elasticity is dependent only on values 
related to alternative j and not to alternative i for 
which the cross-elasticity is computed. This means 
that the cross-elasticities of all alternatives with 
respect to an attribute of alternative j are equal. 


3.4.3.2 Aggregate Elasticity 


For a ranked alternative, an aggregate elasticity can 
be defined. It is defined with respect to the average 
choice probability as: 


P(i:A,) 
t=1 t 
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Tf X54, = X5, ¥ tel,.../7 
then 
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The aggregate elasiticity is, in this case, a weighted 
sum of the individual elasticities using the individ- 
ual probabilities as weights. 


3.4.4 Estimation Technique 


For a cross-section of behavioral units making a 
choice, one does not observe the probabilities, but 
only actual choices. Hence, with disaggregate data 
the observed dependent variable takes a value of 
either 0 or 1. The independent variables are continu- 
ous and/or discrete. With observed 0,1 dependent 
variables, the maximum likelihood method is used to 
estimate the model coefficients. The estimator of the 
O's of the logit model as in equation (3.7) and its 
properties are described by McFadden (1968). 


If groups of behavioral units are aggregated according 
to socioeconomic categories or geographic location, 
and the groups are used as the observation units, then 
the observed dependent variable is a share with a 
value between 0 and 1. With grouped data both a maxi- 
mum likelihood and ordinary least squares techniques 
can be used. The ordinary least squares technique is 
based on the linearization of the model by dividing 
the probability of each alternative by a "base" alter- | 
native and taking logs. The estimated coefficients 
are therefore sensitive to the choice of a "base" 
alternative, except for binary choice (see, for exam- 
ple, McLynn and Woronka, 1969). A maximum likelihood 
estimator with aggregate data has not been used, but 
in principle it is a simple extension of the disaggre- 
gate estimator. 


The likelihood function of a disaggregate sample is 
written as follows: 


4k 
bad a as. P(i:A,) 
t=1 icA, 


Gg: 
at (3.20) 


where T is the number of observations and git 
equals 1 if alternative i was chosen in observa- 


tion t, and 0 otherwise. | 


Taking the logarithm of both sides, 3.20 reads: 


P 
InL = L* = >) \ Far yene kes.) (352 
t=1 ic Ay 


Substituting equation (3.7) for P(i:A,), the first- 
order conditions are as follows: 


T 
Stee eae : 5) 
con y ys [Sit P(i:A,) | Kig, 70 = (3-22) 


t=1 (le Ay 
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This is explained in greater detail by McFadden (1968). 

The K equations in (3.22) are non-linear and their 
solution requires an iterative procedure. In this 

study we use the Newton-Raphson method. The estimation 
computer program used was developed by C.F. Minski. He 
showed that, except under very specific conditions in 

the data, the maximum of L* obtained from (3.22) is 

unique. This estimator has optimal asymptotic properties; 
as the number of observations increases, it can be shown 
that the estimator approaches "optimality," i.e. approaches 
minimum variance in the estimate of each coefficient. 

The asymptotic variance covariance matrix is the inverse 
of the matrix of second derivatives of L* multiplied by 
minus one (Theil, 1971). 


It should be noted, however, that since probabilities 
are not observed, it will be misleading to compare the 
computed probabilities with the gj variables: if one 
assumes that the actual choice is made with a prob- 
ability and not with certainty, as the git variables 
would indicate. Therefore, a "goodness of fit" meas- 
ure, such as R* in ordinary least squares, which is 
based on estimated residuals, is not appropriate. In 
addition, a comparison of a sum of probabilities for a 
given alternative with the total number of observa- 
tions in which this alternative was chosen is 


= 3h a 


misleading under the following conditions. If the set 
of variables includes an alternative specific constant: 


aeyCOnStang,~LOr., jis, 2 
Xejk oes EOL alates — 


then from the first order conditions, equation (3.22), 
the following always holds: 


ak 
> Sie = SPAY) (3.24) 


t=1 
Thus, for a disaggregate logit model, because residu- 
als cannot be estimated, there is no R* statistic 
which will indicate how well the model "fits" the 
data. However, it 1s possible to define a measure 
analogous to R2 which is based on the value of the ln 
likelihood function and can be used to compare alter- 
native models, as follows: 


Zhe soaLeda) 
ep = lr (3.25) 


where L*(90) is the value of L* for the vector of 
estimated coefficients and L*(0) is the value of 
L* for 9=0. 


Since the likelihood function is the product of prob- 
abilities, and the probabilities are always between 
zero and one, the likelihood function must be between 
zero and one, and the ln of the likelihood function 
must always be negative. Therefore, the process of 
maximizing likelihood is to raise L*(9@) from a large 
negative number, and L*(0) to as close to zero as 
possible. Thus, p* is equal to the ratio of the 
explained ln likelihood over the total ln likelihood, 
and it lies between 0 and l. 

This measure suffers from the same deficiencies as R*. 
In particular, it does not take account of the degrees 
of freedom. Adjusting for the degrees of freedom, we 


get: 
,  ne/Qe Sak 


hee (3526) 
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where J, is the peste of alternatives in A; and 
K is thé total number of variables specified. 
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Setting 0=0 amounts to an assumption of equally likely 
alternatives. When all utility functions go to zero 
the probability of any alternative goes to 1/J;, since 

=l1. However, for ranked alternatives, one can com- 
pute a version of L*(0). that takes into account pure 
alternative effects, i.e., that sets initial estimates 
of the probabilities equal to the observed frequencies 
using the alternative-specific constants. 


4.0 DATA 


4.1 DATA REQUIREMENTS 
4.1.1 Introduction \ 


Estimation procedures associated with disaggregate travel 
demand models call for special data structures. These 
structures differ substantially from ones required by 
aggregate travel demand models because the travel choices 
of individual households (behavioral units) and not the 
behavior of traffic zones is being modeled. Theoretically, 
disaggregate demand models are based on complete informa- 
tion on all the activity and transportation system 
characteristics with which a behavioral unit is surrounded, 
and on the socioeconomic characteristics of that behavioral 
unit. Descriptive information on available travel and 
destination alternatives, coupled with knowledge of actual 
travel activities (choice mode) of a behavioral unit, is 
the starting point for the travel choice process modeling 
described in Chapter 3. Unfortunately, very few data 

sets exist that satisfy the requirements imposed by the 
theory of disaggregate models. Although all information 
should be collected on the behavioral unit level, the 
required information can be reconstructed from zonal data 
available from the traditional metropolitan area data 
bases. Furthermore, most of the disaggregate models 
estimated with theoretically sound data bases do not 
differ significantly from models estimated with more 
conventional data bases. 


The data required for the estimation of the two models 
used in the study (a) a mode choice model for work 
trips and (b) a destination frequency and mode choice 
model for shopping trips can be divided into four 
groups of information on households and their choices: 
(1) valid alternatives, (2) socioeconomic data, 

(3) level of service data and (4) shopping center 
attraction data. Each of these types of data will be 
described in the following sections. 


4.1.2 Valid Alternative - 
The term "valid alternative" refers to a procedure for 
minimizing the volume of data being handled by considering 
only valid travel alternatives, e.g., household and 
personal socioeconomic data are examined to determine 
whether, on the basis of household auto ownership. and 
possession of a driver's license, a car could be 
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regarded as an alternative mode. If no car is owned, it 
is reasonable to assume that driving a car is not a valid 
alternative. Furthermore, if a car is available within 
the household, but an individual does not own a valid 
driver's license, then car is not considered as a 

valid alternative. 


Other stipulations on valid alternatives relate to walk 
access, bus usage, and shopping centers. Walk access 

to train stations was considered a valid alternative only 
if the station destination was a mile or less away from 
the trip-maker's origin. Bus was not considered a valid 
alternative for work trips of 30 minutes or greater 
duration, since no such trips by bus were observed. 

Bus was also not considered a valid alternative for 
shopping trips unless there were at least two stops 
between the boarding and alighting stops. The number 

of valid shopping center alternatives was limited to 

two choices for each individual. One alternative 

was the Boston CBD and the other was the closest regional 
shopping center. 


4.1.3 Socioeconomic Data 


Of the available socioeconomic data, the following were 
utilized in the models estimated: 


1) Income - household income 
2) Car Availability - cars per driver, i.e., the ratio 


of cars in a household to the 
number of persons with a license 


3) Occupation - a classification of occupations 
into: 
a) professionals, managers and 
executives 


b) all others 
4) Household size 


4.1.3.1 Use of the Home Interview Survey 


The 1963 Home Interview Survey was a major source of 
socioeconomic data for this study. The travel information 
on the Home Interview Survey (HIS) is recorded for every 
person in the household of age five or older, and includes 
travel information (purpose, mode, time of day) for each 
separate trip link. 


Socioeconomic information is’ collected both for the 
household as a whole and for each individual over 18. 
The household level data include household size, house- 
hold income, the type and number of automobiles owned, 
and the education of the head of the household. 
Information which is collected for each individual 
includes age, sex, occupational status, and workplace. 


_ Two major difficulties might arise in the use of these 


data for estimating a disaggregate choice model. The © 
first difficulty arises from a lack of complete informa- 
tion. There are, in the survey sample, a large number 
of households for which the surveyor indicated that 

_travel information was missing. Eliminating these 
observations probably biases the sample away from larger 
households or those that are engaged in a large amount 
of travel (although the surveyors were instructed to 


personally contact traveling members of the household ~ 
in order to obtain accurate travel summaries, it is, 
expected that most of that information was not obtained). 
However, including observations with missing travel 

information in the estimation sample could lead, for 

example, to :MiSclassification with respect to frequency 

of travel. In the model estimation for the task in hand, 

the bias from excluding incomplete observations can be 

assumed to be less severe than the one which might result 

from the misclassification of those households. 


The second difficulty with the HIS is that "walk" links 
were not recorded, except for the case of the first 

link to work. This presents a problem in interpreting 
round trips which appear, from the recorded date, to be 
incomplete. For some of the trips, it might be clear that 
there is a coding mistake, but for others there is no way 
of completing the round trip description. Also, since 
walk, in the HIS, is defined to include motorcycle, 
bicycle, and other miscellaneous modes, there is no way 
of determining the actual mode for the "walk" links to 
work (or, for that matter, any of the links which were 
excluded from round trip descriptions due to their 

having been labeled "walk"). 


4.1.3.2 sGenerarionsor. Missing Data 


In the cases where household data on income and car 
availability was missing, an algorithm was used to 
generate sample observations. This algorithm uses 

a beta and gamma distribution to represent income 
and auto ownership respectively and applies these 
distributions to income and auto ownership data from 
the 1970 Census and 1963 Home Interview Survey. These 
two distributions were chosen because they have the 
shape one would equate with empirically observed 
distributions of income and household auto ownership 
and are defined with only two parameters. 


The algorithm is defined as follows:,. 


1) Generate income and the number of cars per 
household random sample with i zones 


2) Generate income and the number of cars per 
household random sample for the zone i. 
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3) Generate income for the household i in the zone 


4) Adjust means and variances in the zone i. Let 


PD ...services price deflator for 
the years 1970-1975 

Tg 9750 OU AL ...mean income in 1975 

RL. 0G ..-mean income in 1970 

M19 7,5 To nm aid ...variance of income in 1975 

et el9.70D ...variance of income in 1970 


My x *™2,1975,r ~ #9 * ™1,1970 
a a tL 

Mo, 5 22,1975; 0 O24 1920 

5) Normalize my,1 and rahe 


6) Compute parameters r and t of B-distribution. 


Per ays ty ll pat eae - 1) 
Zige 
a«' 


m = 
ee 


Adjust r and t so that 24 r£4and54 t= 8. 

7) Check to see if distribution is skewed to the 
right. If it is, go to step three; if not, ‘force 
it to be a normal distribution, 

a. Lf xr <.stpecomtoestep. as 
b. if ro2 4t,sthenomy) y= 4s (hence r = ¥t) 


8) Finish mean income generation step in the zone i. 


9) Start computing mean number of cars per household 
in the zone i. 


10) Compute parameters k and £2 of B-distriubtion. 
m5 ... mean number of cars per household in the zone 


My Qocee variance of the number of cars per household 
‘ in the zone. 


‘ 


a. a 


m5 


Oe Ce CK aca) Ole iicl nO 
e If yes, continue. 


e If no, reject the zone. Flag the zone number. 
Continue to the next zone (reduce the number 


of zones). ; 


11) Correlate means of income and the number of cars 
in households in the zone: set x = © so that 
-OOL= xe =6. g 

ALY ith ee WH a8 computing mean number of cars in the zone. 


13) Start generating income and number of cars for 
desired number of households in the Zone. 


14) Generate random variable x. 
a. Generate Yj and 44+ 1 (unit random variable) 
b. Set A = (u5)1/F 
Set B = (U;41)1/t 
c. Check if AtB<=1 


e If no, generate a new pair of random numbers. 
e If yes , then (d.) 


d. X = (A) /(A+B) 
15) Compute income for the specific household I 
Test nae 


16) Compute the number of cars for a specific 
household. 


F& x)... normalized cumulative distribution of the 
number of cars per household 


6 --. Maximum number of cars per household is A 
SUS sieht. Ca eCOn sian tf 
NC «++ number of cars per household 


Shon apne cd at Pd, 
G (k) 


ree mer ee Ot ite 
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17) Go back to step 13 to generate aS many cases as 
necessary for each zone. 


18) Go back to step 2 and repeat the process for 
all zones. 


19) Finish the algorithm. 


It should be noted that the B-distribution is valid over 

the range (0--one). Thus, one should normalize computations 
of the mean m, and the variance mj for income (divide actual 
with max income! and m2 with max income2 squared) . 


Note also that in some cases a randomly generated 
variable for B-distribution gets thrown out. This is 
done to avoid an otherwise extremely complicated scaling 
procedure. 


4.1.4 Level-of-Service Data 


Level-of-service data were required for each of the valid 
modes pertaining to each home-work chain in the sample. 

In practice this means obtaining data for up to three modes 
for each of the 411 observations. 


The level-of-service information which is available for 
the Boston area is in the form of zone-to-zone networks 
for the origin-destination based data, and zonal vectors 
for origin-specific or destination-specific variables. 
Aside from the problems of reformatting the network 

data to suit the disaggregate modeling application, the 
level-of-service data set has intrinsically one major 
shortcoming: its basic aggregate orientation. For 
example, transit availability can be determined only on 
the zonal level, as opposed to being separately indicated 
for each household. Furthermore, this zonal-based 
availability can be calculated only by using an arbitrary 
cut-off distance for walk access to transit stations. 
Similarly, out-of-vehicle travel times are completely 
zonal based and are aggregated, from access time, wait 
time, and transfer time, into a single excess time 
variable. 


The specific items of level-of-service information which 
can be extracted from the existing data sets are listed 
in the Figure 4-2. All of the information was compiled 
separately for the peak and off-peak, to account for 
congestion effects in the peak period. 


Network data were derived by manually locating each pair 
of home and work addresses on large-scale plans. Travel 
times and distances for cars were estimated using net- 

works and travel-time tables prepared for CTPS and based 
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Transit 
\ 
transit pointers: indication of transit availability 
in the zone. 
Auto 
terminal times: times required to start car and 
find a parking place at the 
Origin or destination. 
Parking costs: , costs for parking while at 


work or for short term parking 


FIGURE 
L-] 


ZONAL VECTOR DATA 


t 


Transit 
excess time: access 
wait . 
transfer | 
in vehicle time: total time in vehicle 
auto connector time: time required to drive to the 
nearest transit stop 
fare: : total fare computed on the 
1963 fare schedule 
Auto 
highway time: total in vehicle travel time 
highway distance: length of the quickest route 
highway cost: computed by determining average 


speed over the route —————— > 
per mile cost X distance 


FIGURE 
4-92 


ZONE TO ZONE NETWORK DATA 


ard Saree 


on the 1963 Home Interview Survey. The speeds in the car 
networks were based on a journey-time study carried out 
by the MDPW. 


The networks and matrices were based on a zonal system 
and therefore the individual values derived from the 
network had to be corrected to allow for the positive 
Or negative difference between the location of the 
zone centroid and the individual address (home or work) 
for which data were being sought. 


| 
Since the type of car driven by car users, or available 
to those not driving was not known, an average cost for 

. a typical family car was obtained from Hertz's 1978 
annual report. 


The survey data did not allow the identification of 

specific parking space locations for each individual 
destination. Instead, parking charges were adopted from 
average values given in a Boston CBD parking survey*. The 
average daily charge for public facilities of $2.50 was used 
as the parking charge for working trips. Areas of the Boston 
CBD with an actuak charge of $2.50 to $3.49 are shown in 
Figure 4-3. 


Waiting time for both train and bus was determined using 
the function shown in Figure 4-4. This role was. 
empirically observed and first reported by Kulash**. 


Ar {5 Shopping Center Attraction Data 


The attraction data available for estimation of the 
shopping trips and social-recreational trips model is 
limited to zonal employment statistics and zonal land 
use data. Other information, such as floor space and 
gross revenues, is desirable; but, the available data 
is sufficient for the description of alternative 
destination choices. 


4.1.6 Summary 


Primary data sources included: 


1) 1963 Home Interview Survey 
2) 1970 Census 


a 
* Wilbur Smith and Assoc. (July 1974) An Access Oriented 
Parking Strategy for the Boston Metropolitan Area. 


** Kulash, D.J. (1971) Routing and Scheduling in Public 
Transportation Systems. 
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3) 1976 Commuter Rail Survey 

4) CTPS 1977 North Shore "Express Bus" Survey 

5) Commuter Rail schedules and ridership counts 

6) Updated highway speeds from the Dept. of Traffic 
and Operations at the MDPW. ie 

Eventhough the raw data are in a form suitable only for 

use in conventional demand forecasting packages, it is 

possible to reconstruct the information into a form suitable 

for a disaggregate analysis and for estimation of dis- 

aggregate joint choice models. The details of the data 

processing, used in the CRIP study, is described in the ~~~ — 

following section. It should be emphasized, however, 

that there is the major shortcoming in the estimation 

process due to the aggregate orientation of the data. 

This shortcoming implies that it is impossible to 

recreate the complete contents of the choies made by 

each household. 


4.2 DATA PROCESSING STEPS 


The objective of the data processing is twofold. First, 
the household travel information must be processed into a 
form suitable for descriptive analysis. Second, a set 
of subsamples must be created in a manner that is general 
6nough to allow for all the required model estimations. 


The first major step is to organize the household information 
to allow complete access of travel pattern characteristics 

at any level of aggregation (link, chain, cycle, complete 
pattern). To achieve this, it is necessary to construct 

all of the levels above the link level from the link- 
oriented data. However, since some pieces of information 
might be missing or miscoded, the process of integration 
involves not only one of sorting the links, whenever possible, 
into complete chains, but also one of interpreting available 
information such that incompletely represented chains can 

be recognized. 


A re-formating of the HIS file to permit recognition, 
without reanalysis of link-level information of the 
various behavioral levels was the key result of the 
chaining step. Figure 4-6 illustrates the typical 
structure of the file CHAINS, using as an example 
shopping trips. A hierarchy is created to describe 
chains for which more than one mode was used or more than 
one activity site category was visited. This hierarchy 
is to be used only for the purpose of first level 
identification of chain characteristics. 


A parallel task in the organization of data for model 

estimation is the merging of level-of-service information 
into a single file which could be used for random access. 
The skim trees are in a form particularly unsuitable for 
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Codes in Order of Dominance 


e CHain 
a hy 
2% 


3 


Types 

Fully completed 

Complete 

Except zones or purposes that do not match , 
between links 

Home based 

Link missing on one end 


e Primary Modes 


ie 
Sate 


Auto driver or auto passenger 
All other modes 


e Primary Purposes 


NF 


CODES IN ORDER OF DOMINANCE 


- Home 


Work 

Shop : 

School 
Social-recreational 
Personal business 


. Medical, dental 


Work connected business 
Sightseeing 

Serve passenger 

Change modes 
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Record Types 


each 1 F Record Household 


household : 
1 S Record Shopping 


1 P Record Person 
each 
person iy T Records Transporta 
tion 


The F-Record 


1 
each chain 
each person 
1...# of persons on file 
2...# of chains for person 1 on file 
repeat 
persons 3..44-0£ Links*’tin: chain: 17, person 
2-n , 
4...primary purpose of chain 1, person 1 
repeat 5...primary mode of chain 1, person 1 
chains 
2-m 6...chain 1, person l, chain type 


STRUCTURE OF THE CHAINS FILE 


disaggregate modeling since they are arranged in separate 
sequential access tables by variable and in very different 
formats by mode (FHWA format for highway skim trees and 
UMTA format for bus and transit). This arrangement creates 
a problem for choice modeling where the level-of-service 
information for a complete set of alternatives (across 
modes for work trips as well as across destination for 
shopping trips) must be associated with each observation. 
Thus the data access must be random (by O-D pair) rather 
than sequential and the data required consist of the 
merged set of all the variables for all appropriate, modes. 


The zonal structure used for preparation of the skim trees 
is the CTPS zone system. Thus the description of origin- 
destination level-of-service for the metropolitan area 
requires data for close to 2 million pairs. Because of 
the relatively great number of one-way streets in the 
Boston. CBD, triangularization of the matrix is ruled 
out, so that, with the values represented for peak and 
off-peak, as well as for auto and transit, the final 

file occupies close to 30 million bytes of disk storage. 
The O-D pairs are blocked into rows in order to reduce the 
costs of creation and access; a corresponding routine 
which supervises access’ (to reduce the number of requested 
input operations) and de-blocks the information makes 

the use of the file both convenient and inexpensive. 


In the next processing step a set of sub-samples is 
created from the CHAINS file. This set is to be used 

for analysis and, later, for model estimations. As an 
example of the different types of data needed for 
modeling, three subsamples can be extracted from the data 
set to estimate a demand-for-shopping trips mode. The 
criteria used in extracting the subsamples are described 
in Figure 4-7. The three files, FREQO, SHOPL, and SHOPS, 
are created with additional information attached to each 
household's F records in order to allow further analysis 
of their composition. The intrazonal and cross-cordon 
Flags indicate that the given chain includes at least one 
intrazonal link for the former, or a link which goes 
outside the metropolitan area for the latter. Intrazonal 
travel occurs with reasonably high frequency, and was 
specifically incorporated in the model formulation, 

while cross-cordon travel is usually incorporated 
infrequently, and thus was not considered. 


For this example of modeling shopping trips, the final 
two processing steps involve the preparation of the 

FREQO and SHOPS files for logit estimation of the choice 
models. Before the final data sets associated with each 
model specification could be prepared, each household 
record had to include information on that household's 
full set of travel alternatives (for mode choice model 
over dimensions of car modes and transit mode, and for 
shopping model over dimensions of frequency, destination 
and mode choice). This is accomplished for a mode choice 
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All Households 


HH with no 
shop sojourns HH with one or more _ 


shop sojourns 


| FREQO 
be ae a ee ee aw en ene J HH with two or HH with single 
more shop sojourns shop sojourn 
HH with HH with Complex Simple 
multiple simple chain chain 
shop sojourns shop chain 
3 
j-<<<------- t--------- | [tee t----- r 
: eat fe cant 
SHOP 1 ! SHOP1 ly he SHOP J 'SHOPS! 
Lisa ! 
i & | | B bed, A 1 i I 
(nt Se. Se d) Se eae Pid Milind abe Mie Et ae 
Ee a ee a a 
it as re 
|! SHOPL 
NOTES: Excluded: fe eee 


- HH with incomplete interviews 
- HH iwth one or more incomplete chains 


Additional F-Record Information: 

- intrazonal, cross-cordon chain flag 
- number of shop sojourns in chain 

- chain duplication factor . 
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model by reference to the alternative modes available, 

for a shopping model by reference to a shopping O=-D matrix 
from which the destination alternatives are constructed, 
and for model alternatives by looking at availability and 
allowing everyone the choice of making or not making a 
trip. lLevel-of-service data for these alternatives can 

be taken from the direct access file and appended to the 
housenold records. 


Two potential problems associated with the estimation of 

a shopping model should be addressed here. The first 
arises from the size of the FREQO file. Because the file 
is significantly larger than the SHOPS file but in the 
same time period with less information than the SHOPS file, 
the FREQO file size should be randomly reduced... However, 
an appropriate compensation was made in the number of 
SHOPS households included in the estimation sample, 

in order to keep the proportion of households making 
shopping trips versus those not making shopping trips the 
same as that in the original sample. A second potential 
problem might arise from the peak period and partly in the 
off-peak. A weighted combination of peak and off-peak 
skim tree values can be assigned to the link, with the 
weights being determined by the proportion of the trip 
time occurring during the peak period*. 


The details of processing can be explained by the flow 
chart depicted in Figure 4-8. 


* BART data indicate that 10% of shopping trips are taken 
partly in peak period and partly in off-peak period. 
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5.0 THE WORK MODE CHOICE MODEL 


5.1 INTRODUCTION 


The general modelling methodology and the multinominal 
logit model used in this study were described in Chapter 
3. The purpose of this chapter is to present the results 
of the models estimated for work trips. 


In principle, two basically different groups of models 
could be estimated. One is a mode choice model for 
travellers who make a single home-work-home chain during 
the day. The second group of models include travellers 
who make a multiple trip chain during the day. In this 
study, primary emphasis was placed on the single chain 
model because it represents a less complex behavior 
pattern; it is also the more common situation in larger 
metropolitan areas such as Boston where distances to 
work tend to be greater. 


5.2 THE MODEL 


The work mode choice model explains the conditional 
probabilities of choosing a mode of travel for the work 
trip given residence and employment locations and given 
that a trip is made. Thus, the dependent variable can 
be denoted as follows: 


where m denotes an alternative mode and Mg+ denotes the 


set of available modes to destination d for traveller t. 
The logit model predicting this probability is written as: 


U 
_ mt 
2 G9 EPS) Mi hor crar erry cr toy eae (5.1) 
= 
m é May 


where UT ois theentilityio£f mode mito traveller t | for 
the work trip to destination d (see (3.7)). 
In general we write the utility of a given mode as 


Ume = *nt'o (5.2) 
K 
a Xmtk@k 
K=1 
where a single coefficient vector was denoted as @ for 
all modes (see (3.9)). However, the utilities of the 


modes are different because the vector of variables 

Xnt assumes different values for different modes. 

If a variable appears only in the utility function of 
mode m then it is a mode m specific variable which 

takes a value of zero in all other modal utilities. 

If a variable appears in the utility function of all 
modes then it is a generic variable. The value of a 
generic variable must not be equal to each alternative 
(i.e. each mode) for all observations or, mathematically, 
this variable is cancelled out (see section 3.4.2). 


5.3 VARIABLES USED IN THE MODEL 


The explanatory variables used in the work mode choice 
models are of two types; level of service characteristics, 
and socioeconomic variables. We have denoted the 
variables symbolically using abbreviations. For example, 
the variable "in-vehicle travel time" is written as 
"IvVTT". If a variable is specified as mode specific then 
this is indicated by either prefixing or suffixing the 
following letters to the variable name. 


train T 
bus B 
car Cc 


For example, if the variable IVTT appears in the car 
utility function with a coefficient different from that 
of other modes then it is denoted as CIVTT. 


The variable name CON denotes a constant. 
5.3.1 Level of Service Variables 
The level of service variables used in the models were: 


IVTT - In-vehicle travel time (in minutes) 
For all modes it is the time spent in or 
on the vehicle ; 


OVTT - out-of-vehicle travel time (in minutes) 
For car it is denoted as POVTT which is 
defined as the time taken to walk to and 
from the parked vehicle as well as to 
park and unpark. 

For bus and train OVTT consists of two 


OPTC 


parts: WSOVTT and SOVTT. WSOVTT is defined 
as the time spent walking to and from the 
bus-stop or station. SOVTT is the time 
spent at a bus-stop or station as well as 
transferring from a bus to a train or 
vice versa. re 
out-of-pocket travel cost (in cents) 
For car trips it was assigned a value 


equal to the fuel costs, in keeping with 
traditional expectations of perceived, 

motoring costs; all parking charges were 
included (see section 4.5). For bus and 
train OPTC equals the costs of the fares. 


5.3.2 Socio-Economic Variables 


The socio-economic variables used in the models were: 


HHINC 


PER 


AOD 


HHPOS 


OCC 


annual household income 


the number of persons in the household 
aged 5 years or older. 


the number of private cars and non- 
commercial vans reported to be in the 
possession of the household, divided 

by the number of licensed drivers in he 
the household, AOD was not permitted to 
have a value in excess of 1.0. 


position in the household. This variable 
equals 1 for the head of the household, 
otherwise it equals zero. Since the 
purpose of this variable in the mode choice 
model was to represent car availability it 
was also assigned a value of 1 in the 

case of adults with a driving license 

who were not the head of the household if 
there was perfect car availability, i.e. 
if the variable AOD for that household was 
equa luroul dg. 


the occupation of the traveller. A 
Simple dummy variable was used taking 
the value of 1 for professionals, 
managers, and executives, and a value of 
zero for all other occupations. 


A number of other variables available from the original 


data files, 


such as age and sex, were considered, as more 


detailed description of the variable OCC, but these were 
excluded during the course of the work on the basis of 

a priori considerations or simply due to the limited 

number of different specifications which could be estimated. 
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5.4 ALTERNATIVE SPECIFICATIONS 


Various means of introducing the explanatory variables 
into the model were tried. Every model estimated was 
based on a different specification of the model utility 
functions. Several initial specifications were formulated 
based on a priori reasoning and past experience, including 
the results obtained from earlier models. 


The initial estimation runs were deliberately restricted 
to rather simple specifications and small portions of 
the total sample (Fitchburg line only) since the level 
of service data for the full sample were not available 
until later in the study. 


The results of these initial runs indicated that our 
coefficients were not substantially different from those 
in previous studies. 


Earlier mode choice models tended to introduce the 

level of service characteristics as generic-variables. 
See for example PMM (1972), CRA (1972), and Ben-Akiva 
(1973). In this study this practice was not necessarily 
justified for the various components of out-of-vehicle 
travel time. In contrast to most other studies, home 
and work addresses could be precisely located, and thus 
the walking time to and from bus-stops or stations was 
known with a high degree of accuracy. Parking time 
however, could only be roughly estimated since no 
information was available on the location of parking 
places; similarly waiting and transfer times could only 
be roughly estimated. . Thus, the different components 
of out-of-vehicle travel time were avoided in most of 
the specifications tried. The work by Stopher, Spear 
and Sucher (1974) on the measurement of inconvenience 

in urban travel suggests, however, that a division of 
out-of-vehicle travel time into its various components 
would be preferable to aggregation into a single 
variable. An explanatory run on the Fitchburg sample 
using in-vehicle travel time (IVTT) as a mode specific 
variable indicated that IVTT could be reasonably applied 
as a generic variable, since little difference was found 
between the mode specific coefficients (table 5-1). 

This means that a traveller values in-vehicle travel time 
the same regardless of mode. Other results show that 
logarithmic transformations of the travel time variables 
(IVTT or OVTT) had lower explanatory power than the 
untransformed forms. 


Coefficient TeStatistic 


CAR -.099 15/8 
TRAIN | -.089 253 
BUS -.077 2.6 


COEFFICIENTS OF IN-VEHICLE TRAVEL 
TIME ESTIMATED WITH SHALL SAMPLE 


= GQuee 


The specification of the level of service variables 
which appeared to be the most suitable was: 


IVTT as a generic variable 
POVTT as a mode specific variable for car 
WSOVTT as a mode specific variable for bus and train 


SOVTT as a mode specific wariable for bus and train 


The major differences between the models reported in this 
chapter, and summarized in table 5-2, are in the 
specifications of the socioeconomic variables and the 

modal constants. The inclusion of socioeconomic variables 
in the utility function is clearly intended to explain 
differences in choice between different groups of persons. 
It can also facilitate the use of the model as a predictive 
tool for different market segments. 


Modal constants have a totally different function 
compared to the other variables. If the variables 
included in the modal utility functions fully explain 
the mode choice behavior then the modal constants, or 
more generally the pure alternative effects, should equal 
zero. Thus with a perfect model specification and with 
perfect data it can be argued that no constants are 
necessary. Estimating a model without constants is in 
practice not recommended, however, since the estimated 
values of the coefficients of the variables included 
could be seriously affected if those variables do not 
fully explain the observed behavior. 


The constants, or pure alternative effects represent 
therefore the effect of those variables which influence 
mode choice but were not explicitly included in the model. 
As was explained in section 3.5.2 the formation of the 
logit model is such that constants have to be alternative 
specific, or in this particular case, mode specific; a 
constant cannot be generic. If we have reason to believe 
that those variables which should have been included in 
the model to make it complete, but were in fact excluded, 
have different values for different situations, then 

the values of the constants will also differ. Under 

such circumstances the use of a model estimated on data 
for one area, to predict behavior in another area, or at 
a different period of time, or for a different socio- 
economic group, may well be questionable. In a mode 
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choice model the modal constants can be primarily 
attributed to level of service variables such as 

comfort, privacy, convenience, etc. which are either 
difficult or impossible to measure. An attempt was made 
in this study to account for the pure alternative effects 
through the introduction of various mode specific socio- 
economic and vehicle availability variables which could 
usually be expected to’ be highly correlated with a 

modal constant. The exclusion of constants was then 
considered acceptable if the coefficients of the 
various level of service variables were not significantly 
affected. 


From the results of nine of the early models estimated 

it was observed that the variables HHPOS and OCC (position 
in household and occupation) had no significant influence 
On mode choice so far as the sample of data used for 

this study was concerned. 


In general all the variables described above were 
introduced into the modal utility functions in a linear 
form. Ina few cases an attempt was made to explore non- 
linear finite functions of the variables; i.e. the time 
variables and the car availability variable (AOD), with 
the latter utilized only as a car specific variable 
(CAOD). For the time variables a natural log transforma- 
tion was tried. For the CAOD variable two finite functions 
were tried; the one was a-product of CAOD and household 
income (HHINC) and the other was the product of CAOD and 
the natural log of in-vehicle travel time by car: 
CAODInIVTT. 


In a model with a maximum of 3 alternatives, only 2 
(alternative specific) constants, or coefficients of a 
given socioeconomic variable can be identified (see 
section 3.4). The car mode was therefore used as the 
base alternative and the coefficients of mode specific 
variables, such as income, should be interpreted relative 
to the car model. 


The estimation results for the alternative specifications 
-tried with the full sample (411 trips) are given in 

Table 5-2. Models 3 and 4 are based on the final 
specification selected for the level of service variables, 
while models 1 and 2 show some of the other alternative 
specifications tried. The differences between models 3 and 
4 are in the specifications of alternative specific 
constants as well as the socio-economic and vehicle 
availability variables. The estimation results and the 
differences between the models are discussed in detail 

in the following sections. The preferred model specifica- 
tion will be discussed in section 5.6. 


5.5 COMMENTS ON ESTIMATED COEFFICIENTS 
5.5.1 Values of Coefficients 


The strongest a priori knowledge which we have about the 
estimated values of the coefficients is with regard to 
their signs. We expect that, with everything else held 
equal, a deterioration in the level of service offered 
by any mode will reduce the probability of that mode 
being chosen. Thus an essential requirement is that 

the coefficients of all level of service variables such 
as time or cost should be negative (of course the 
coefficient of a level of service variable such as 
comfort should be positive, if comfort was measured 

on a scale which increased with increasing comfort). 
This requirement is satisfied in all the models estimated 
for all the level of service variables. 


There are also some a priori expectations with respect 
to the relationships between certain coefficients of 
level of service attributes. For example, one would 
expect the coefficient of an out-of-vehicle travel time 
variable to be greater than the coefficient of in-vehicle 
travel time. In all the specifications tried IVTT was, 
indeed, found to have a lower coefficient than any of 
the OVTT variables; the coefficient of walk to a bus- 
stop or station (WSOVTT) has approximately twice the 
value of the coefficient for in-vehicle travel time. 
Walking thus appears to be twice as inconvenient as 
riding in a vehicle. This relationship corresponds to 
the usual assumption used to create generalized costs in 
Wilson type models in the U.K. where the coefficient of 
excess time is usually taken to be twice that of in- 
vehicle travel time (McIntosh and Quarmby, 1970). 
Waiting time at a bus-stop or station appears to be 

more inconvenient than in-vehicle travel time. This is 
in concert with the usual assumption mentioned above, 

as well as with other U.S. studies in which the coefficient 
of waiting time is usually taken to be 2.5 times that of 
in-vehicle time (e.g., Pratt and Deen, 1967). 


Everything being equal, one would expect that as car 
ownership increases the probability of choosing car 

as the mode of transport would increase and, thus, that 
the probability of choosing other modes would decrease. 
One would therefore expect that the coefficient of car 
availability (CAOD) would be positive. 


Household income and modal constants, appear in the utility 
function of more than one mode and therefore interpretation 
must relate to their relative values and not their 

absolute values. In the model B example the relative 
values of the coefficients of household income indicate 
that as household income increases, and everything else 

is held constant, the increase in the probability of 

using the car is greater than that for other modes. While 


the probability of choosing a bus will decrease relative 
to all other modes. Between these two extremes is the 
choice of train, which decreases relative to car and 
increases relative to bus. This could reflect the 
socio-economic status of a bus as a transit mode. 


The modal constants and socio-economic variables could 
be interpreted as representing the pure preferences for 
the alternative modes if the utility derived from the 
level of service characteristics was equal across all 
modes. A direct interpretation of this kind is easier 
when all the level of service characteristics are intro- 
duced as generic variables. For example these variables 
in model 1 imply that if IVTT and OVTT are equal across 
modes then an individual with perfect car availability, 
i.e. with AOD equal to 1, will rank the modes in the 
following order: 


Gaby crain, ana; LastLy, eDUusSwaylhnisirankingsisralso 
implied by model 4. 


3-322 Stability and Reliability of the Estimated Coefficients 


The reliability and stability of the estimated coefficients 
can be observed in several ways including the relative 
magnitudes of the standard errors and the variability of 
the estimates both across different specifications and 
across different subsamples. 


The magnitude of the standard errors of the estimated 
coefficients (compared with the magnitude of the estimated 
coefficients) is relatively small for the travel time 
variables; for bus the standard error is relatively 

higher for some modal constants and socio-economic 
variables, in particular the moped specific variables. 
This could also be observed from the variability of the 
estimated coefficients of the same variables across 
different specifications. 


From Table 5-2 it is evident that the coefficients 

of travel time in different model specifications are 
quite stable, in particular the coefficient of IVTT. 

On the other hand, some of the coefficients of the socio=- 
economic variables and the constants appear to be less 
stable. This pattern was also observed in the comparison 
of different subsamples. 


5.6 PREFERRED MODEL SPECIFICATION 


Of all the model specifications tried, that for model 4 
appears to be the most satisfactory. This conclusion 

as well as aspects of some of the other models estimated 
is discussed in this section. 


As discussed in section 5.4, the formulation of the 
level of service variables in models 3 and 4 seems to be 
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VARIABLE MODEL 1 MODEL 2 MODEL 3 MODEL 4 

IVTT ~.0598 
.0079 

in viv<tec oy 

ovTT 

‘WSOVTT Msi ic 
0238 

SOVTT -~.0704 
.0195 

OPTC/HHINC .0191 
.0099 

CAOD 

CAOD*HHINC 

CAOD*1nIVTT .9919 
ile is 

TCON 1.501" 
.904 

THHINC 

x2 (d.£.) 311 (5) 351 (5) | 326 (6) 330 (6) 

p2 pele aad .39 241 

5? et es> 38 .40 


NOTE: Variable Key on following page. ' 
No. of Observations: 411 
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Variable Key 


IVTT In-vehicle travel time 
LO LVL Natural log of in-vehicle travel time 
OVTT Out-of-vehicle travel time 


WSOVTT Time spent walking to and from bus stop or- 
rail station 


SOVTT Time spent at a bus stop or rail station 


OPTC/HHINC Out-of-pocket travel cost/annual household 
income 


CAOD Auto ownership specific to car mode 


CAOD*HHINC Auto ownership specific to car mode * annual 
household income 


TCON Train constant 


THHINC Annual household income specific to train mode 


ESTIMATION RESULTS OF WORK MODE CHOICE MODEL 


superior to that utilized in models 1 and 2. The 
coefficients of all the level of service variables 

in model 3 and 4 have the expected signs as well as 

the expected relative values. Therefore any preference 
between specifications 3 and 4 must be based on the 
behavior of the socio-economic variables and the modal 
constants. 


Model 4 is superior to model 3 when compared in terms 

of goodness of fit and the significance of the coefficients. 
In conclusion, Model 4 appears to have the most 
satisfactory specification of those models estimated 

and presented in table 5-2. In the subsequent section 

of this chapter this model is tested for its forecasting 
abilities. 


5.7 PREDICTION TESTS 


Two types of prediction tests were applied; the first 
of these was a disaggregate test designed primarily 

to determine howwell the model fits the observed data. 
The second test was with aggregate data and was designed 
to test the applicability of the model for aggregate 
predictions. 


Ae ek Disaggregate Predictions 


In disaggregate predictions the explanatory variables 

are used to predict individual mode choice probabilities. 
These individual probabilities are summed across a group 
of travellers and compared with the observed modal 

shares for the same set of individuals. When the group 
of travellers consists of the complete set of individuals 
used in the estimation of the model, this test can be 
viewed as a test of goodness of fit. However, the 
estimation procedure utilized in this study guarantees 
that if a model specification includes a constant the 
results of such a test will be perfect for the alternative 
to which that constant relates. 


For model 4 this implies that a disaggregate prediction 
test with the complete data set used in model estimation 
will reproduce perfectly the total public transport 
share since a public transport constant was included. 
The results of this test indicate that the mode split 
between car, train and bus was indeed perfectly 
reproduced. 


5.7.2 Aggregate Predictions © 


Disaggregate prediction gives some indication as to how 
well the model fits the actual observed disaggregate 
data. However, in normal predictive work disaggregate 
data are not usually available and thus the model must 
be applied as an aggregate model for predictions. As 
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explained in Koppleman, 1974, simple substitution of group 
averages for the explanatory variables will result in a 
biased forecast of the average probability, or share; 

this bias will only disappear if all individuals in 

the group for which predictions are being prepared are 
identical in terms of the values of all the explanatory 
variables. 


Between the two extremes of disaggregate predictions and 
the use of averages for the entire group in aggregate 
predictions, it is possible to identify a stratification 
scheme, or system of market segmentation, such that the 
aggregation bias can be assumed to be small and, within 
the context of the application, to be negligible. 
Stratification in this study is based on income groups 
(low, median, and high). 


The results of the prediction tests were considered 
acceptable in view of the fact that for each individual 
group there is also probably an error in the observed 
share, relative to the total population, due to sampling. 
Since this error increases with decreasing sample size, 
the greater the number of the observed travellers utilized 
to compute the observed aggregate share the more meaning- 
ful the aggregate prediction tests. Thus an adequate 
evaluation of the aggregate prediction errors can only 

be undertaken for those zonal-pairs with a high trip 
density, i.e., those where the error in the observed 
share could be assumed to be negligible. 


The aggregate mode choice predictions, based on a 
stratification of travellers into those with a car 
available and those with no car available, was satisfactory. 
This implies that the model can be usefully applied to 
aggregate predictions in transportation planning studies. 
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6.0 THF SHOPPING-TRIP MODEL 


6.1 INTRODUCTION 


The shopping-trip model developed during the course of 
this study is a joint destination and mode choice 
model. Thus, given the number of shopping trips origi- 
nating from a residential area, the model can be used 
to distribute the trips over the alternative shopping 
destinations and also over the relevant alternative 
modes of transport. 


It would seem desirable that a truly behavioral shop- 
ing model should have a simultaneous structure in which 
the choices of frequency, time of day, destination and 
mode are all considered. However, in view of the over- 
all objectives and scale of this study, the scope of 
the shopping model developed had to be limited. 


Traditionally, urban travel demand forecasting models 
treat the choices of frequency and time of day inde- 
pendently of the transport level of service and, thus, 
independently of either destination or mode choice. 
The data available from conventional urban transporta- 
tion surveys are thus not generally suitable to the 
development of frequency choice models, nor are they 
suitable to the satisfactory development of models in 
which the choice of the time of day at which a trip is 
made is explicitly modeled. 


Given the resources available and the form of the mod- 
els currently used in urban transportation planning 
studies, it was considered that a simultaneous destina- 
tion and mode choice model provided the best scope for 
the introduction of immediate improvements to existing 
techniques. Furthermore, the implementation of a 
simultaneous model of destination and mode choice in 
software packages generally in use in urban transporta- 
tion planning is likely to require fewer modifications 
than a more complex model in which frequency and time 
of day are also included. 


Most of the work to date on the behavioral value of 
time in travel-demand modeling has been concerned with 
home-based work trips and, more specifically, with mode 
choice for such trips. Travel-demand forecasting for 
other purposes has therefore tended to be based upon 
the same values of time, or relative generalized price 
coefficients (see, e.g., McIntosh and Quarmby, 1970). 
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The models described in this chapter together with the 
models described in chapter 5.0 provide some very use- 
ful information on the validity of this approach. 


6.2 THE MODEL 


The model described in this chapter is one which predicts 
the joint probability of choosing a destination and 

mode combination given that a trip is made. Thus the 
dependent variable can be denoted as follows: 


P(d,m:DM,) or P(d,m) 


where m denotes an alternative mode, d denotes an 
alternative destination and DM; denotes the set of 
relevant destination and mode combinations avail- 
able for a shopping trip to traveler t. 


The logit model predicting this joint probability is 
written as follows: 


P(d,m:DM, ) ce SG BE Roan) 


d",m'eDM, 


where Udmt is the utility to traveler t from 
going to destination d by mode m (see section 
cheylok 1 key 


The utility functions are assumed to be linear in the 
coefficients as follows: 


U = Xx 


1 
dmt e 


dmt 


K 
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where Xgmt 1S a vector of finite functions of the 
explanatory variables and 9 is a vector of coeffi- 
cients. 
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The alternative modes used in this study are: car, bus 
and train. The alternative destinations are the Boston 
CBD and the closest regional shopping center. 
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6.3 VARIABLES USED IN THE MODEL 


The explanatory variables used in the shopping models 
include all those used for the work models and 
described in section 5.3. In addition, retail employ- 
ment was used to describe the individual shopping cen- 
ters; this was denoted as EMP. This variable can be 
considered as a proxy for the shopping opportunities 
available at the shopping centers. Other attraction 
variables which were available, such as employment in 
those services which could make a shopping location 
more attractive (banking, hair-dressing, etc.), were 
not used in any of the models estimated. 


6.4 ALTERNATIVE SPECIFICATIONS 


The alternative specifications formulated for the shop- 
ping model were based to a great extent on the same 
sort of reasoning as was applied to the development of 
the work mode choice model described in chapter 5.0. 
The work on the development of the shopping model was 
commenced after the completion of the work mode choice 
models and was thus able to benefit from the results of 
that work. 


The level-of-service variables were specified in the 
same manner as models 3 and 4 of the work mode choice 
model; i.e., IVTT, WOVTT, POVTT, WSOVTT, and SOVTT. 
The alternative specifications tried thus differ only 
in the manner in which the vehicle availability and 
attraction variables were introduced. 


Due to the distinct difference between the center of 
Boston and all the other, local shopping centers--i.e., 
those in Burlington, Braintree and Newton--a number of 
variables were introduced in some specifications twice; 
once specific to the Boston centers and once specific 
to all the other, local centers. Variables specific to 
the Boston centers are denoted by the prefix or suffix 
"B", while those specific to the local centers are 
denoted by the prefix or suffix LOC. 


In order to minimize potentially abortive work, any 
variable which had not been found to be satisfactory in 
thw work mode choice models was excluded from the 
specifications tried for the shopping model, with the 
exception of out-of-pocket travel costs. 


‘ 


6.5 DISCUSSION OF ESTIMATION RESULTS 


A full discussion of the results of the models esti- 
mated must take place within the context of the data 
set utilized. It is therefore necessary to consider 
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the characteristics of the alternative shopping desti- 
nations, since those for Boston are substantially dif- 
ferent from those of all the other local shopping 
centers. 


The data set can be described in the context of a 
multidimensional space in which the axes are defined by 
the explanatory variables. For a given observation 
(1.e., a person making a shopping trip), an alternative 
destination and mode combination is described by a 
point in this space. An observation with a total of DM 
alternatives will be represented by DM points. For any 
observation in the data set utilized for this study, 
this procedure will result in two clusters of points, 
and these two clusters are widely separated. One large 
cluster contains all the alternatives relating to the 
local shopping centers and the second, and smaller, 
cluster contains the alternative modes for Boston. The 
peculiarity of the data set is that the Boston cluster 
will be very much further away from the origin than the 
local cluster. This situation can be depicted ina 
Simplified way as shown in Figure 6-1. The distance 
between the two clusters is evidently very large if we 
consider, for example, retail employment and the aver- 
age distance of the center of Boston from the residen- 
tial areas. Not only is the center of Boston nearly 20 
times as large as the largest of the local shopping 
centers, but the average distance from the residential 
area to a shopping center is about ten times as great 
for the center of Boston as it is for the other, local 
centers. Furthermore, Boston is the only center to 
which trips were made by public transport. 


This structure of the data set suggests a hypothesis of 
a hierarchy of decisions: first, a choice between 
shopping in the center of Boston and shopping locally, 
and then, secondly, if shopping locally was chosen, a 
choice among the local centers. The flawinthis 
hypothesis is that its reasonableness stems only from 
the fact that no medium-sized shopping centers existed 
in the sample. Indeed, a closer examination of the 
cluster of local centers will reveal a hierarchy of 
centers within this cluster. Thus, any explicit model- 
ing of a specific hierarchy will be arbitrary, while a 
model which considers all alternatives simultaneously 
will be more general. 


Although this latter approach is sound in theory, the 
existing data set creates a specific: problem in that 
the weight of the center of Boston can have a major 
influence on the determination of the model coeffi- 
cients. In general, while it is desirable to have 
Maximum variability in all of the variables considered, 
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in this particular case a large portion of the vari- 
ability is of a discontinuous nature, due to the funda- 
mental differences between the local and Boston 
alternatives. Unfortunately, it is impossible to 
determine the effect of this discontinuity on the esti- 
mation results without applying the model to a data set 
which exhibits more continuous characteristics. 
Although the problem of the relative sizes of the 
alternative shopping destinations cannot be resolved 
within the whole study area, other problems of dis- 
continuity could be resolved by taking a sample for a 
corridor or sector through the study area. 


One consequence of the characteristics of the data set 
available is a lack of variability in the public trans- 
port services. While the walk-to-the-station variable 
(WSOVTT) has sufficient variability, the station- 
waiting-time variable (SOVTT) has extremely limited 
variability, because bus and train were used only for 
trips to Boston; this is probably the reason why the 
coefficient of SOVTT in model 1 is not significant 

(see Table 6-1). 


Model 1 has a specification identical to that of the 
final work mode choice model, model 4, with the addi- 
tion of the retail employment variable (EMP). As noted 
above, the coefficient of SOVTT was found to be insig- 
nificant, as was that of PTCON. A second model, model 
2, was therefore estimated, in which these two vari- 
ables (SOVTT and PTCON) were omitted. From the results 
given in Table 6-1 it can be seen that this omission 
has negligible effects on the coefficents of the 
remaining variables; indeed, the standard error of 
WSOVTT was reduced by 50 percent. The two variables 
SOVIT and PTCON typify the particular Sar ox the 
data set utilized. 


Due to the lack of variability in SOVTT and the fact 
that it is an alternative specific variable applied 
only to those alternatives to which PTCON is also 
applicable suggests that a high degree of collinearity 
could be expected. Furthermore, insofar as the 
observed choices are concerned, both of these two vari- 
ables occur only when Boston was the chosen alternative. 


In view of the discontinuity problems described above, 
the retail employment variable (EMP) was split into two 
variables in model 3. One was specific to the local 
centers (EMPLOC) and the other to the center of Boston 
(EMPEI); the Boston specific variable was thus essen- 
tially a constant, but taking the value of the retail 
employment in Boston. This change gave a significant 
improvement in the SRT fe Ofepd ce iit comparison with 
models 1 and 2, with pe increasing from 0.25 in model 2 
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Variable Key 


In-vehicle travel time 
Time spent walking to a destination 
Out-of<-vehicle travel time for car mode 


Time spent walking to and from bus stop or 
rail station 


Time spent at a bus stop or rail station 


Out-of-pocket travel cost 


CAOD*InIVTT Auto ownership specific to car ‘mode * natural 


TCON 


EMP 


EMPB 


EMPLOC 


InEMP 


BCON 
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log of in-vehicle travel time 
Train constant 
Retail employment 
Retail employment in Boston 
Retain employment in local centers | 
Natural log of retail employment 


Boston constant 
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to 0.46 in model 3. This change indicates that the 
difference between the local centers and Boston was not 
captured by a linear EMP variable. 


The effects of the replacement of a single employment 
variable by two illustrate some of the particular prob- 
lems which can be associated with a data set displaying 
characteristics such as the one used in this study. 


The local employment variable, EMPLOC, has a much 
larger coefficient (0.0344) than the Boston employment 
variable, EMPB (0.0027), although the coefficient of. 
the joint employment variable (EMP) in model 2 us 
0.0024. The fact that the coefficient of the joint 
variable EMP is almost equal to that of the Boston 
employment variable EMPB indicates the weight of the 
Boston alternatives in the determination of the coeffi- 
cient of the joint variable. The difference between 
the coefficients of EMPLOC and EMPB could be inter- 
preted as representing an effect of diminishing mar- 
ginal returns of shopping center size. 


The attractiveness of a center should thus be so speci- 
fied in the utility function that it increases less 
than linearly with increasing employment. This means 
that if a single employment variable is used in the 
utility function it should be a concave transformation, 
such as 1InEMP, as used in model 4. The statement about 
diminishing returns of size applies only to the utility 
functions. Therefore, the diminishing effect of size 
on the utility does not necessarily imply a diminishing 
effect in terms of actual trips per employee. This 
latter effect is also a function of the actual choice 
probability and can be determined only by using the 
actual values of the variables. 


If a variable is introduced in the additive utility 
function in its natural log transformation, then the 
elasticities with respect to this variable are not a 
function of the value of the variable itself, but of 
its coefficient and the choice probabilities (see sec- 
tion 3.5.4). Therefore the coefficient of 0.74 of 
lnEMP in model 4 implies that the choice probability is 
always inelastic with respect to employment, since a 
one-percent increase in size results in less than a 
one-percent increase in the probability of that alter- 
native being selected. Thus, the larger the center 
and, hence, the greater the probability of choice, the 
more inelastic its attractiveness with respect to size. 


In model 3 the inclusion of variables specific to the 
center of Boston made it inadvisable to include a pub- 
lic transport constant; furthermore, this was found to 
be insignificant in model l. 
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In model 4 the car availability variable CAOD was 
included in the same form in which it had been included 
in models 1, 2 and 3, i.e., CAODInIVTT, and the EMP 
variable was introduced in its natural log transforma- 
tion, InEMP. Although out-of-pocket travel cost, OPTC, 
had been found to be insignificant in the work mode 
choice models, it was decided to introduce it in 

model 4; a similar result was, however, obtained. 


A Boston constant, BCON, was introduced to account for 
any pure alternative effect, i.e., any model specifica- 
tion deficiencies. This constant was found to be | 
highly significant, thus suggesting that InEMP does not 
explain all the differences in attractiveness between 
the center of Boston and the local centers. 


The positive coefficient of BCON indicates that Boston 
center has an added attractiveness not captured by the 
retail employment variable. 


While model 4 would seem on a priori reasoning to have 
the best specification of those tried, the goodness of 
fit is very much lower than in the model 3. The 
coefficients of all the level-of-service and vehicle- 
availability variables are, however, the same. The 
only differences between the two models is the manner 
in which the employment variable was introduced, and 
the inclusion in model 4 of a Boston constant (due to 
perfect collinearily with EMPEI, such a constant could 
not have been included in model 3) and out-of-pocket 
travel cost. 


6.6 COMPARISON OF THE WORK MODE CHOICE MODEL 
WITH THE SHOPPING MODEL 


The shopping model described in this chapter is a 
simultaneous model of mode and destination choice, 
while the work model described in chapter 5.0 is a 
conditional model of mode choice given the destination. 
In order to provide a more direct comparison between 
the two models, a conditional mode choice model given 
the destination was also estimated for the shopping 
sample. This model was estimated with a specification 
identical to that of model 4 for the work-choice model: 
the comparison suggests that the coefficients of IVTT 
are identical for both models, while all the coeffi- 
cients of the out-of-vehicle travel time variables are 
greater for shopping than for work.,: This would appear 
to be reasonable since it could be expected that out- 
of-vehicle travel time relative to in-vehicle travel 
time will be regarded as more inconvenient in the case 
of shopping trips than in that of work trips, not only 
due to the need to carry the purchases, but also in 


relation to the total duration of the home-to-home 
journey. The greatest increases in the weights of the 
out-of-vehicle travel time elements are in the coeffi- 
cients of the two public transport specific variables, 
WSOVTT and SOVTT. This comparison can have important 
implications in travel demand modeling since it indi- 
cates that there could be no justification for the use 
of a unique set of generalized price coefficients 
across all trip purposes. 


A further important comparison which should be made is 
between the conditional mode choice shopping model and 
the joint destination and mode choice shopping models_ 


(model 3). This is especially relevant for the level- | 


of-service variables. 


The significant differences between the two models are 
in the coefficients of IVTT and OVTT. The increase in 
the absolute values of the coefficients in the joint 
model relative to the conditional model could be 
attributed to the effect of distance on shopping desti- 
nation choice. 


This effect could be a result of a tendency to visit 
nearby shopping centers which are more familiar. Thus, 
these differences could be a result of not including a 
familiarity variable in the joint model (distance could 
have been a proxy). However, no model is perfectly 
specified, and it is also possible to assume that the 
coefficient of IVTT in the conditional model is biased 
due to mis-specification of modal captivity. It is not 
Clear which choice is mis-specified more severely, 
destination choice or mode choice. It is clear, how- 
ever, that, given the differences between the joint and 
the conditional model, and given the a priori assump- 
tion of a simultaneous structure, the results of the 
joint model are more reliable and should in general be 
used. 
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TECHNICAL APPENDIX a.3 


TITLE DESCRIPTION OF CommuTER Bus ALTERNATIVE 


AUTHOR(S) EVELYN ADDANTE, HAMID AMINIAN 


DATE Marcy 1979 


ABSTRACT As part of the analysis of the commuter 
rail system, this appendix provides a 
detailed description of the Commuter 
Bus Alternative. Included in this 
appendix are: a description of existing 
transit services, detailed delineation 
of each commuter bus route, analysis of 
potential operators of each route and 
the impact of analyzed bus services on 
traffic and circulation. 


Preparation of this document was financed with funds from the United States 
Department of Transportation supported with matching state and regional funds. 


CENTRAL TRANSPORTATION PLANNING STAFF 27 School Street, Boston, Mass. A 
Cooperative Planning Effort of MAPC, EOTC, MDPW, MBTA, MBTA ADV. BD., MASSPORT. 
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COMMUTER BUS ALTERNATIVE 


1.0 INTRODUCTION 
1.1 SCOPE OF APPENDIX 


As part of the analysis of the commuter rail system, 
this appendix provides a detailed description of the 
Commuter Bus Alternative -- the fourth alternative 
analyzed in the CRIP Plan Refinement Study. 


This appendix includes: a description of existing transit 
services and detailed delineation of each commuter bus 
route. In addition, this appendix analyzes potential 
operators of each route (MBTA or private carrier); fixed 
facilities requirements, including garage/layover 
facilities and downtown terminals; and the impact of 
analyzed bus services on traffic and circulation. 


1.2 SUMMARY OF PROCEDURE USED TO DESIGN ROUTES 


As part of the analysis of the commuter rail system, an 
alternative commuter bus service was designed for each 
corridor serviced by the various commuter rail lines. 
The first step in designing this service was to examine 
travel patterns on the line. A review of ticket audits 
and the 1976 on-board survey revealed that a negligible 
amount of travel occurs between station pairs outside 
Boston with the exception of the Eastern and Fitchburg 
routes. Therefore on-line trips were ignored except 
for the two lines noted and in the majority of corridors, 
a network was designed to serve the needs of the Boston 
trips only. 


On the Eastern Route about 12% of all trips are made 
between stations outside Boston. However the trip 
pattern is so unstable that it was deemed impossible 
to design a commuter bus service to serve these trips. 
Therefore a network was designed to serve the needs of 
Boston trips only. 


About 25% of all trips on the Fitchburg Route are made 
between stations autside of Boston. More than half of 
this travel is accounted for by trips to or from the 
Cambridge Station. Because of this volume, bus service 
was designed from suburban stations to Cambridge as well 
as to Boston. 


In choosing downtown terminal locations, the destinations 
of users were considered. Although northside rail lines 
terminate at North Station, the majority of users have 
destinations closer to downtown Boston. Therefore bus 
routes designed to replace Northside rail service were 
terminated at Haymarket Square which is a more convenient 
location for most riders. However, the existing Haymarket 
bus terminal is congested during peak hours, and therefore 
additional facilities would be needed for the commuter 
bus service. 

| 
All Southside commuter rail routes include a stop at 
Back Bay before terminating at South Station. During the 
relocation of the Orange Line, trains on the Shore Line, 
Stoughton and Franklin routes will temporarily by-pass 
Back Bay with shuttle service to be provided to Back 
Bay. Bus routes to replace Southside rail service were 
designed to serve South Station and Copley Square. Because 
of the traffic congestion between these points separate 
routes to the two stations would be provided if the volume 
of riders warranted it. 


Existing rail schedules and volumes were used as a basis 
for developing the commuter bus schedules. [In general, 
bus schedules were designed to maintain current Boston 
arrival and departure times. Some adjustments were made 
to this to improve the utilization of operators and 
vehicles. In cases where volumes required more buses at 
any station than the present number of trains, departures 
would be staggered in order to provide more choice for 
users. 


Most commuter bus routes were designed to serve existing 
commuting patterns as well as existing stations in order 
to take advantage of station parking lots and shelters. 
In addition, buses would stop along their path between 
town centers and expressways. These stops would reduce 
access distance for some users, and would partially 
compensate for the longer bus line-haul times. Analysis 
of the origins of rail users found several cases in which 
a large volume of park-riders would be better served by 

a new station site. Bus routes to serve these new stations 
were included in the bus network. 


2.0 LINE DESCRIPTIONS 


A total of 8 lines of existing commuter rail service have 
had alternative commuter bus services designed for analysis. 
These lines would require 243 buses daily excluding the 
Spares (17.6 percent spares ratio required of 43 buses) to 
be used on about 100 bus routes covering the whole system 
(North and South). The assignment of buses to each line 

is shown in Table 2-1. Refer to section 3.0 for division 
of these bus services between the MBTA and private carriers. 


Most Northside bus service would be terminated at Haymarket 
station and some would terminate in Post Office Square 
(Boston) or in Cambridge. Southside bus services would 
terminate in Copley Square or at South Station. 


2.1 EASTERN ROUTE 


ZeLsl* “Existing Transit Service 


The MBTA operates several bus routes between North Shore 
communities and Haymarket Square in Boston. Route 400 
runs from Haymarket Sq. to Central Sq., Lynn via Lynn 
Common. Most trips on this route continue to Salem via 
Loring Ave. as MBTA route 455. The route stops next to 
the commuter rail station in Lynn and passes near the 
Swampscott (within 500 ft.) and Salem (about 700 ft.) 
stations. 


Route 440 runs from Haymarket Sq. to Central Sq. via 
General Edwards Bridge and serves Lynn Station directly. 
Most trips from #440 continue to Marblehead as Route 441 
via Paradise Rd. or as Rte. 442 via Humphrey St. These 
two routes run within 1000 feet of Swampscott Station. 


Route 450 runs from Haymarket Sq. to Salem via Western 

Ave. This is the fastest bus route between Boston and 

Satem wiht the Salem Terminal only about 1/4 mile from 

the railroad station. Some peak trips on #450 continue 

to North Bevelry as Route 451. At other times passengers 

for Beverly can transfer at Salem. However, neither rail- 
road station in Beverly is served by peak service on Route 451. 


Number of Total # of 

Total # of* Required Number of Buses 
Bus Routes Bus Routes Buses Spare Buses Assigned 
Eastern 
Route 12 She, 7 46 
Reading 3 18 3 21 
New Hampshire 1k iy 6 39 
Fitchburg 9 20 4 24 
Framingham 6 18 chit 21 
Needham 11 24 4 28 
Franklin 24 30 5 she 
Shore Line 25 61 11 192 
TOTAL 1O1 243 43 286 


* Includes basic routes plus their variations. 


COMMUTER BUS ROUTES 


2.1.2 Alternative Bus Service Analyzed 


Assuming that both the Eastern Route Main Line to Ipswich 

and Gloucester Branch would be discontinued, a bus system 
composed of 12 routes was designed (Table 2-2). All routes 

would terminate in Boston with some operating during peak 

hours and others during off-peak hours only. —Most-—of-these—-—— 
routes would approach Boston via U.S. Route 1 and the Mystic- 
Tobin Bridge. Although I-93 is less congested than Route l, 

the additional access time required cancels out the advantage 

of using I-93. \ 


2.1.3 Detailed Route Description 


This section describes the path that each bus route would 
follow plus the stations (underlined) that they would 
serve along their path. In addition a detailed schedule 
of each bus route is summarized in Table 2-2. The route 
descriptions follow: 


#l Rockport Station to Haymarket Station via Mass. Rte. 127A 
to Gloucester Station, Washington St., Mass. Rte. 128, 
Rte. l and the Mystic Bridge. 


#2 Rockport Station to Haymarket Station via Rte. 127A, 
Gloucester Station, Rte. 127, Manchester Station, 5 
Pine St., Rte. 128, Rte. 1, and the Mystic Bridge. 


#3 Rockport Station to Haymarket Station. Same as Route #4 
to Gloucester Station and Manchester Station, then via 
Mass. 127 through Beverly Farms Station, and Prides 
Station to Corning St., Essex St., Montserrat Station, 
Brimball Ave., Rte. 128, Rte. 1, and the Mystic Bridge. 


#3A Beverly Farms Station to Haymarket Station via Prides 
Station and Montserrat Station«. This route is the 
Same as Rte. 3 west of Beverly Farms. 


#4 Manchester Station to Haymarket Station via Pine St., 
Rte. 128, Rte. l, and the Mystic Bridge 


#3 Beverly Station to Haymarket Station via Rantoul St., 
Mass Rte. 62, Rte. 128, Rte. 1 and the Mystic Bridge 


#6 North Shore Shopping Center - Haymarket Station 
Via Rte. 1287 Rte. land the Mystic Bridge: “This route 


would provide supplementary service to Route #5 during 
peak hours only. 


#7 Salem Station to Haymarket Station via Mass. Route 107 
and McLellan Highway. This is similar to existing bus 
route 450, but would originate at Salem Station and 
make only limited stops. 
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2-4 


#8 Swampscott Station to Haymarket Station via Essex St., 


and General Edwards Bridge. This route is basically 
a short turn of Route 455, operating to Boston via 
Route 440. 


#9 Ipswich Station to Haymarket Station via Mass. Rte. 133, 
U.S. Rte. 1, and the Mystic Bridge 


#10 Hamilton and Wenham Station to Haymarket Station via 
Mass. Rte. 1A, North Beverly Station, Route 128 to 
Rte. 1 and the Mystic Bridge l 


#10A Ipswich Station to Haymarket Station via Rte. lA, 
Hamilton and Wenham Station, North Beverly Station, 


Rte. 128, Rte. lL and the Mystic Bridge 


2.2 READING BRANCH 


2.2.1 Existing Transit Service 


At present there are no private carriers providing service 
to or toward Boston from Reading, Wakefield or Melrose, 

the three principal communities served by the Reading 

Line. The MBTA's Orange Line follows the Reading right- 
of-way and several MBTA bus routes (135/136/137) connect 
with the Orange Line at Oak Grove. This route runs along 
the Reading Route corridor to Reading and beyond. Only 
Greenwood Station and Wakefield Station are served 

directly by buses; at remaining stations the distance to 
the bus route varies from 500 to 2000 feet. Therefore, 

the bus line is beyond reasonable walking distance from 
homes west of the Reading Line at most points. Since there 
is very little excess capacity on Route 135/136/137 it 
could not accommodate most of the peak riders if commuter 
rail service were dropped. Frequency of service on these 
bus lines could be increased, but they do not provide close 
replacement service for most stations. 


2.2.2 Alternative Bus Service Analyzed 


Bus service for this corridor would consist of 3 routes 
running during morning and evening peak period only, 
excluding spares this service would require 18 buses. 


2.2.3 Detailed Route Description 


This section describes the path that each bus route would 
follow plus the stations (underlined) that they would 
serve along their path. In addition a detailed schedule 
of each bus route is summarized in Table 2-3. The route 
descriptions follow: 


#1 Reading Station to Haymarket Station via I-93. 


42 Wakefield Station to Greenfield Station to Oak Grove 
Station via Main St. 


#3 Melrose Highlands Station-~- Melrose Station, Wyoming 
Station to Oak Grove Station via Tremont, Essex, and 
Main Streets. 


2.3 NEW HAMPSHIRE DIVISION 


2e3-L)cExisting Transit Service 


Existing bus service on MBTA route #134 serves Winchester 
Station and indirectly Woburn and Cross St. Station. The 
route is over k mile from Wedgemere and over 5% mile from 
West Medford. Route 95 serves the W. Medford station and 
#133 funs from Woburn Sq. to Oak Grove. There are also 

2 peak-period express routes serving this corridor: #326 
rusn from W. Medford to Haymarket and #701 runs from 
Burlington via Woburn to Boston. In addition #136 runs 
from Wilmington to Malden Station via Reading and Wakefield. 
Trombly Motor Coach also operates bus service from Lowell 
and Haverhill to Boston. 


2.3.2 Alternative Bus Service Analyzed 


Replacement service on this line would consist of 10 

new bus routes plus increased service on existing bus 
route 134 w. If all routes were run by the MBTA a total 
of 33 buses would be needed. 


2.3.3 Detailed Route Description 


This section describes the path each bus route would 
follow plus the stations (underlined) that they serve. 

In addition a detailed schedule of each bus route is shown 
in Table 2-4. The route descriptions follow: 


41 Lowell Station to Haymarket Station via the Lowell 
connector, U.S. Route 3, Route 128 and I-93. 


#2  I-495 Station to Haymarket Station -- supplement to 
Route #1 -- originates at park-and-ride lot at junction 
of I-495 and U.S. Route 3. 


#3 North Billerica Station to Haymarket Station via U.S. 
Route 3, Route 128 and I-93. 


#4 Lowell Station to Haymarket Station via N. Billerica Billerica 
Station. This route would be an off-peak k combination 
of Routes #1 and #3. 
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#5 Wilmington Station to Haymarket Station via Main Street, 
Lowell Street and I-93. 


#6 Woburn Station to Haymarket Station. This route would 
be a short-turn of existing bus route 701, starting 
at Woburn Station 


#7 Cross Street Station to Haymarket Station via Woburn 
Station. This route is an extension of Route 76, 
running from Cross Street to Woburn via Main Street. 


{ 
#8 Winchester Station to Haymarket Station via Massachusetts 


Routes 38, 60 and I-93. 


49 Cross Street Station to Haymarket Station via Winchester 


Station. This route is an extension of Route 78. 


+10 Wedaemere Station to Haymarket Station via Bacon Street 
ana Routes 38, 60 and I-93. 


211 Winchester Station to Wellington Station via Main St. 
This route would consist of an extension of existing 
>bus route 134W. Service on this route now runs from 
Wellington to Playstead Road in Medford on an hourly 


headway. 


2.4 FITCHBURG ROUTE 


204. WWexisting Transit 


The MBTA provides bus service to several points on the 
Fitchburg Line within Rte 128, but not to any points 
beyond, where most of the riders on the line originate. 
Bus route 74 runs from Belmont Center to Harvard Square, 
serving Belmont Station directly. Mid-day trips operate 
beyond Belmont to Waverly. Trackless trolley route 73 
runs from Waverly Sq. to Harvard serving Waverly Station 
directly. Bus route 523 runs from Stow St., Waltham to 
Central Sq., Cambridge passing within 1,000 feet of Waltham 
Station. Route 521 runs from Newton Corner to Waverly, 
passing within 500 feet of Waltham Station. Passengers 
can transfer at Waverly to Rte 73, or at Newton Corner to 
express buses for Boston. Bus route 520 runs from Roberts 
Station to Newton Corner, passing within 500 feet of 
Waltham Station. Service from Waltham to Newton Corner 

is also provided by bus routes 522 and 527. Express bus 
route 305 runs from Central Sq., Waltham to downtown 
Boston via the Mass. Turnpike. This route passes within 
500 feet of Waltham Station. 


Outside Route 128, the only bus service in the Fitchburg 
Route corridor is a route operated by Englander Coach Lines 
between Fitchburg and Park Sq., Boston. Buses on this 

line stop on Route 2 in West Concord. This stop is about 
one mile from the W. Concord railroad Station. 
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2.4.2 Alternative Bus Service Analyzed 


A commuter bus service was designed to serve the Fitchburg 
Corridor assuming that the Red Line would be extended to 
Alewife and that Alewife station would be used as an in- 
bound terminal for the buses on this line. Replacement 
service on this line would consist of 9 new bus routes 

plus increased service on the existing bus route number 305. 
If all routes were run by the MBTA a total of 20 buses 
would be needed. Once the Red Line is extended to Alewife 
this station would be the termination point for these - 
routes. Under this system rive routes would run to Alewife, 
serving S. Acton, W. Concord, and Concord. Running times 
would be reduced by 23 minutes, one-way trip lengths by 

12 miles. Including use of the Red Line, total trip time 

to Haymarket would be reduced by 5 minutes as compared to 
the first system. An additional route would provide off- 
peak service to Alewife from Cambridge, S. Acton, W. Concord, 
and Concord reducing one-way mileage by 2.2 miles and one- 
way time by 9 minutes. Another route serving Lincoln and 
Kendall Green Stations was split into two routes: 1) service 
from Lincoln to Alewife and 2) reduced service from Kendall 
Green to Boston. Travel time from Lincoln :to Boston would 
be 2 minutes less via Alewife than direct service to 

Boston while travel times from Kendall Green to Washington 
would not change. Service from Roberts to Harvard Sq. would 
remain intact. Increased frequencies on #305 would still 

be used to provide service to Waltham Station. 


2.4.3 Detailed Route Description 


This section describes the path that each bus route would 
follow plus the stations (underlined) that they would 
serve along their path. In addition a detailed schedule 
of each bus route is summarized in Table 2-5. The route 
descriptions follow: 


#1 South Acton Station - Alewife Station* via Routes 27 


and 2, Alewife Brook Parkway. 


#2 West Concord Station - Alewife Station*, via Routes 
B2Vand 27% then as #l. 


#3 South Acton Station - Alewife Station*, via Thoreau 
Street, Walden Street to Route 2, then same as #l. 


* Alewife Station is a proposed station on the Red Line 
extension to Alewife and is not in existence at the 
present time. 


#4 Concord Station - Alewife Station, via Thoreau Street, 
Walden Street to Route 2, then same as #l. 


#5 West Concord Station - Alewife Station*, via Route 62, 
Concord Station, then same as #4. 


#6 South Acton Station - Alewife Station*, via Routes 27, 
lll and 2, Commonwealth Avenue, W. Concord Station, 
Route 62, Concord Station, Route 2, Alewife Brook 
Parkway. 

{ 

#7 Lincoln Station - Alewife Station*, via Routes 117, 

128, and 2, Alewife Brook Parkway. 


78 Kendall Green Station - Haymarket Square Station, via 
Routes 117, 128, Massachusetts Turnpike Extension, 
Kneeland Street, Atlantic Avenue, Federal Street and 
Congress. 


+9 Roberts Station - Harvard Square, via South Street, 
River Road, the Massachusetts Turnpike to Beacon 
:Park interchange, Western Avenue, N. Harvard Street 
and Boylston Street. 


#305 Additional bus service on Waltham Express - Central 
Square, Waltham to Summer and Chauncey Street 
intersection. 


2.5 FRAMINGHAM LINE 


2.5.1 Existing Transit Services 


MBTA 7531 Framingham Station to Newton Corner (some trips 
in the peak run through to Boston). This route serves 
Framingham through Newtonville Station. Total travel time 
exceeds that of rail. The route also connects with the 
Green Line at Woodland Station. 


MBTA #305 Waltham-Boston passes within 2 blocks of 
Auburndale Station. Bus running time is 20 minutes to 
South Station compared to 24 minutes for rail. 


Gray Line - express bus service is provided from Shoppers 
World, Framingham to Park Square.with a running time of 
25 Minutes . Rail running time is 50 minutes. 


Wellesley Fells operates service from Framingham to Park 
Square. Routes pass within a few blocks of Wellesley 
Hills Station. Bus running time is 65-70 minutes while 
rail time from Framingham to South Station service is also 
offered. Once again bus time (50 min.) exceeds rail 
service (42 min.) from Natick to Park Square. 
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*express bus, S. Acton - Alewife 


**Rlewife Station is a proposed station on the Red Line Extension 
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2.5.2 Alternative Bus Service Analyzed 


Initially it was assumed that most replacement service in 
this corridor would be provided by existing private 

carrier and MBTA routes. Re-examination of ridership in 
this corridor indicated the need for specific replacement 
services. Consequently six bus routes were designed with 
each route having one departure for each train discontinued. 


2.5.3 Detailed Route Description 
\ 


This section describes the path that each bus route would 
follow plus the station (underlined) that they would serve 
along their path. In-addition a detailed schedule of each 
bus route is summarized in Table 2-6. The route descriptions 
follow: 


#1 Framingham Station to South Station via Route 135 to 
Natick Station and Routes 27 and 9, Speen Street and 
the Massachusetts Turnpike to South Station. 


#2 Same route as #1, except that it would terminate in 
Copley Square instead of South Station. 


#3 Wellesley Station to South Station via Route 16 to 
Wellesley Hills Station, then 128 and the Massachu- 
setts Turnpike to South Station. 


#4 Same route as #3, terminating in Copley Square instead 
Of SOUTH otacLon. 


#5 Wellesley Farms Station - Copley Square - South 
Station via Glen Road, Route 16, Route 128 and the 
Massachusetts Turnpike to Copley Square, then Stuart 
and Kneeland Streets to South Station. 


#6 Auburndale Square Station - South Station via Common- 
wealth Avenue and Washington Street past West Newton 
and Newtonville to Newton Corner, then via the Massa- 
chusetts Turnpike to South Station. At Newton Corner 
riders could transfer to MBTA #302 to reach Copley 
square. 


2.6 NEEDHAM BRANCH 


paul cg Existing Transit Service 


At the present time there is no alternate through transit 
service to downtown from any stations on the Needham 
Branch except Forest Hills. 
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MBTA bus routes 35, 36 and 37 parallel the Needham Branch > 
from Forest Hills to West Roxbury. All three routes pass 
Roslindale and Bellevue Station and run close to Highland 
and West Roxbury (within 600 feet). Service on these 
routes is coordinated to provide peak headways of about 

6 minutes and off peak headways of 10 minutes between West 
Roxbury and Forest Hills. . 


The MBTA provides no alternate service at the Bird's Hill 

Or Needham Jct. Stations. A private carrier, Needham ~~ ~~~ 
Transit Co., now operated by Metropolitan Coach Service 

holds operating rights for a bus route from Needham 

Center to the Charles River Loop MBTA terminal via Bird's 
Hill Station. Due to a lack of patronage only one trip 

is offered in the morning. 


MBTA route 522 runs from Needham Center to Watertown 
connecting with the Green Line at Newton Highlands. This 
route starts near the Needham railroad station, and passes 
the Needham Heights Station. While it is true that some- 
One could travel to downtown by using this route, it is 

a long and unlikely alternative for most travellers. 


2.6.2 Alternative Bus Service Analyzed 


The bus service assumed for the Needham Branch replacement 

is essentially the same service that was used for temporary 
replacement during the transition from Conrail to B&M 

Operation. It may differ somewhat from the replacement 

service that will actually be used when rail service is 
discontinued in conjunction with the Orange Line reconstruction. 


The service consists of express buses to Copley Square and 
South Station from the four Needham stations during rush 
hours and a shuttle bus from these stations to Riverside 
on the Green Line during mid-day. There are a number of 
routing variations for the Needham express bus service, 
including separate service to Copley Square and South 
Station, combined service to both stations, separate 
service from Bird's Hill and combined service to all 
Needham Stations. In addition a short-turn bus operating 
on 10-minute-headways from West Roxbury to Forest Hills 
would be operated during morning andevening peak hours. 
If ridership warrants it, this route could be extended 

to Boston. 


2.6.3 Detailed Route Description 
This section describes the path that each bus route would 


follow plus the stations (underlined) that they would 
serve along their path. The following bus routes are 


ao Qh a 


preliminary and is expected to be revised at a later date. 
In addition Table 2-7 shows the AM peak schedule of these 
bus routes and on the PM peak there would be a similar 
schedule with lesser trips The route descriptions 
follow: | 


#1 


#2 


#3 


#5 
#6 


#7 


#9 
#10 
#11 


2 


- 


Needham Junction Station to Copley Square via 
Chestnut Street, Neddham Station, Highland Avenue, 
Needham Heights Station, Highland Avenue to Route 128 
and Massachusetts Turnpike. 


| 
Needham Heights Station to Copley Square via Highland 
Avenue to Route 128 and Massachusetts Turnpike. 


Needham Junction Station’to Copley Sguare via Chestnut 
Street, Highland Avenue to Route 128 and Massachusetts 
Turnpike. 


Bird's Hill Station to Copley Square via Great Plain 
Avenue, to Route 128 and Massachusetts Turnpike. 


Needham Station to Copley Square via Highland Avenue, 
Needham Heights Station, Highland Ave. to Route 128 
and Massachusetts Turnpike. , 


West Roxbury Station to Copley Square via Centre 
Street, Highland Station, Centre Street to Jamaicaway 


South Huntington and Huntington Avenue. 


West Roxbury Station to Copley Square via Centre 
Street to Jamaicaway, S. Huntington and Huntington Ave. 


Bellevue Station to Copley Square via Belgrade Ave. 
Roslindale Station, Jamaicaway to S. Huntington 
and Huntington Avenue. 


Highland Station to Copley Square via Centre Street, 
Bellevue station and then same as route #8 to Copley 


Square. 


Highland Station to Copley Square via Centre Street, 
Bellevue Station, Jamaicaway to S. Huntington and 


Huntington Avenue. 


Roslindale Station to Copley Square via Jamaicaway to 
to S. Huntington and Huntington Avenue. 


FRANKLIN BRANCH 


2.7.1 Existing Transit Service 


Existing transit alternatives - MBTA bus route 31, Wolcott 


Sq. to Mattapan passes within 500 feet of Readville Station. 
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NEEDHAM BRANCH BUS SERVICE 
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Bus route 34E, East Walpole to Forest Hills passes within 
800 feet of Norwood Central and Norwood Stations but is 
at least 1/4 mile from all other stations on the line. 


Hudson Bus Lines, Inc. operates two routes in Dedham 
connecting Endicott Station with MBTA bus route 34E. 
ABC, Inc. operates a route from Providence, Rhode Island 
to the Boston Greyhound Station passing through Walpole, 
Norwood, Westwood,.and Dedham. This route passes within 
1,000 feet of Walpole and Norwood Central Station and 
within 800 feet of Norwoad Station. This route also 
passes the Windsor Gardens development on the opposite 
side from the railroad. Operating rights for this route 
originally contained restrictions on passenger pick-up 
points in order to prevent competition with the railroad 
and with.bus route 34E. The current status of restrictions 
should be reviewed. 


2.7.2. Alternative Bus Service Analyzed 


Replacement service for this corridor would consist of 

10 new bus routes most of which have short-turn variations. 
The large number of routings compared to the number of 
stations was necessary in order to maintain reasonable 
load factors while attempting to minimize travel time. 
Thirty buses would be needed to operate this service. 


2.7.3 Detailed Route Description 


This section describes the path that each bus route would 
follow plus the stations (underlined) that they would 
serve along their path. In addition a detailed schedule 
of each bus route is summarized in Table 2-8. The route 
descriptions follow. 


41 Franklin Station to South Station only via East Central 
Street, 1-495, the Massachusetts Turnpike, Kneeland 
Street and Atlantic Avenue. 


#1A The same as #1, except the route would terminate at 
Copley Square. 


#1B The same as #1, but serves both South Station and 
Copley Square. Buses would leave the Massachusetts 
Turnpike at the Copley exit and run to South Station 
via Stuart and Kneeland Streets. 


#2 Norfolk Station to Copley Square and South Station via 
Massachusetts Routes 115, 109, 128, the Massachusetts 
Turnpike, Stuart Street, Kneeland Street, and Atlantic 
Avenue. 


#3 


t3A 


#3B 


t4 


#6B 


#7 


Walpole Station to South Station via Massachusetts 
Route lA (past Windsor Gardens), Chapel Street, 
Washington Street, E. Hoyle Street. Norwood Central, 
Broadway, Nahatan Street (near Norwood), U.S. Route l, 
Massachusetts Route 128, the Massachusetts Turnpike, 
Kneeland Street and Atlantic Avenue. 


Norwood Central Station to South Station - short-turn 
from Norwood Central using the routing of #3. 


Norwood Station to South Station following routing 
for #3. This route would be operated if the Norwood 
Central short turns generated full bus loads at 
Norwood Central. 


Walpole Station to Copley Square via Norwood Central 
Station. This route would be similar to #3, except 
that buses would leave the Massachusetts Turnpike 
and terminate at Copley Square. 


Windsor Gardens Station to Copley Square. 


Norwood Central Station to Copley Square. 


Walpole Station to Copley Square and South Station via 
Norwood Central Station. This route would be similar 
to Route #4, except that buses would continue beyond 
Copley Square to South Station via Stuart Street, 
Kneeland Street and Atlantic Avenue, returning via 

St. James Avenue 


South Station to Norwood Central via Copley Square. 
Norwood Station to South Station. 


Walpole Station to South Station, by-passing Norwood 
Central. This route would be similar to Route #3, 
except that buses would follow Massachusetts Route 
JA to Nahatan Street; to U.S. Route’ Ll: 


Windsor Gardens Station to South Station. 


Walpole Station to Copley Square. 


Windsor Gardens Station to Copley ic and South Station 
via Massachusetts Route 1A, Chapel Street, Washington 
Street, E. Hoyle Street, Norwood Central, Broadway, 
Nahatan Street (near Norwood), Washington Street 

past Islington Post Office, Elm Street, U.S. Route l, 
Massachusetts Route 128 and the Massachusetts Turnpike 
Extension. 


ae 


Terz4UseD POOMION OF 
AeTdoDd 03 uot3zeAS YyNOS 


oa 


5A 


30) 5:39 
32.4) °265 


69 


Katdop 032 eTodTem | 


aazenbs AstTdood 
0} [TeIAUSD POOMION 


4B 
Teak 

37 
2579 


4A 
38 


azenbs AsTdopd | 
03 suSepzey AOSPUTM 


eaenbs. AasTdoo 
0} STOdTemM 


4 
= 
301 


TAB 
afore F-08i Rs Ee ey: 
4 


36 6 
58 
10 
20 


uoT}eIS YIANOS 
03 POOMION 


3B 
37 


Zao 


SOs 64 

1025 
522055 
40 


uotzeyS YWANOS 
0} POOMION 


3A 
7240007 
liao 


Saur6sO2s Gelacid ss0ve7 
26.2 


17 for 3 thru 9 (5B- 9onp.2 of Table 2-7) 


uotzeIsS YANOS 
O03 eTOdTemM 


56 


Mm 


30.9 


05 
17 
68 


2 


4:03 4:03 8 


Katdop 03 ATOJAON 


~ 
5 
34.6 


uotzeys yyNoSs 
03 ezenbs AatdoD 
Oo} uTTYxueIAWT 


36 
230 
:03 

50 


72 


ee 


Q 
rt 


9 
2 
4 


TASES 


eazenbs Astdoo 
Oo} UTTyueAI 


eG 
qd 


1,tnanu iB 


<¥| 


Lu 
SS 
dt 
oe 
ce 
Li 
Y 
YY 
aie 
PO 
Li 
—_ 
a 
ee 
ae 
4 
oa! 
0 
pT ae 
<— 
ae 
Os Se 


44.0 44.7 


Olay 7 
tor 


5004-5 esos 6 


4:05 8720 
5215 
59 


03 eee | = 


44.2 
5 


~ 
- 

(if run separately 

from other services) 


ing 


Tite From 


Darture 
Term. Stn. 


Times 
Times 


. 


Distance 


Inbound 
Outbound 
Derarture 


+ of Buses 
Required 


23 


uoTzeIS YANOS of sAzeNbs 
KatTdop of 33OOTpUT 


azenbs Asatdop 
0} 33090TpuUg 


uoT}#e4S YINOS 
03 3300TpUg 


eaenbs AsTdoo 
0} POOMION 


BsOTIJJO WSOq uUoWZHuTTSI 
Oj} uoTReIS YUANOS 


uoTReRS YANOS 
0} POOMION 


uot#eIS YANOS oF 
BOTJJO 3SOq uoZHbuTTsI 


uot3zeqs YyyNos of AaTtdoD 
0} suepzey AOSputTM 


eztenbs Aatdop 
0} STOdTemM 


uoTRAeIS YANOS 
0} suspzey AOSpuTM 


uoTReIVS YyNOS 
0} eTodtTem 


uot}#eIS YyINoS 
0} POOMION 


7A 


10B 


8A 


8 


5 


23G i281) SHlBsiey 


6* 


5B 


te, 


5 


20 


Inbound 


g-5a pes 


3 fe 


7 


7:46 7:34 


:00 


Departure 


7:44 8:02 
7:59 4:00 


6:05 


Times 


2 Ds 


42006 Peal J. 5222 


S322 6250 
5:40 


StL lave sa0 


Outbound 


5315 
5:30 


Times 


Devarture 


Running 


46 51 70 49 45 36 43 <{S Somghes ie 49 


<p 


rom 50 


Term ocr. 


= 


hee 


esta 


P= WR. i Wd 


28.0. 


Distance 26.4 30.6 


67 form LO thru 10B 


2 thrush. (S=5Aron pylvor Tablar2-7) 


for 


Lv 
*no stop at Norwood Central 


Recuired 


# of Buses 


LJ 
) 
- 
— 
Ex 
Li) 
WY) 
YY) 
oy 
[a a) 
LL 
—_ 
= 
ce 
oa: 
pees 
| oe | 
=I 
~ 
ast 
<t 
( 
Ia eas 


#7A Islington Post Office to South Station. 


*8 Norwood - South Station via Islington. This route 
would be similar to Route #7, but would start at 
Broadway and Nahatan Street and would not serve 
Copley Square. 


#8A South Station to Islington Post Office. 


49 Norwood Station to Copley Square via Islington. This 
route would be Similar to Route #8, but would ‘terminate 
at Copley Square instead of Sauth Station. . 55-2, y: 


410 Endicott Station to South Station via East Street, 
Massachusetts Route 128, the Massachusetts Turnpike, 
Kneeland Street and Atlantic Avenue. 


*10A The same as Route #10, except that service would 
terminate at Covley Square. 


*10B The same as Route #10, except that both Copley Square 
-and South Station would be served. 


2.8 SHORE LINE 


Ze Gotti ett SC Le Transit Service 


Existing transit alternatives - Mount Hope Station is 
served directly by MBTA bus routes 32 and 28 to Forest 
Hills. Hyde Park Station is about 300 feet from Cleary 
Sq., which is served by MBTA bus route 32 to Forest Hills 
and Routes 31 and 33 to Mattapan. Bus route 50 to Forest 
Hills terminates 300 feet to the west of the railroad 
Station. Readville Station is within 500 feet of Wolcott 
Square, which is served by MBTA bus route 31 to Mattapan. 
The stations listed above are the only stations on the 
Providence Line with alternate MBTA service. 


In Spring 1977 Hudson Bus Lines started an express bus 
route from Rte. 128 Station to downtown Boston via the 
Southeast Expressway. The purpose of this route was to 
reduce congestion on the expressway during reconstruction 
work, but the route attracted few riders. 


Brush Hill Transportation Co. operates a bus line from 
Stoughton Center, near the railroad station, to the Mattapan 
MBTA station. 


Bonanza Bus Lines operates an express route from downtown 
Providence to the Boston Greyhound terminal via Interstate 
95. Buses on some trips stop in Pawtucket 4ust off Le3o. 


ABC, Inc. operates a bus route from Providence to Boston 
via U.S. Route 1, Mass. Route 1A. These buses stop in 
Pawtucket and in North and South Attleboro. The latter 
two stops are both several miles from the Attleboro rail- 
road station. 


2.8.2 Alternative Bus Service Analyzed 


In designing bus service for the Shore Line and Stoughton 
Branch it was assumed that service to points in Rhode 

Island was not the responsibility of the MBTA or the State. 
Bonanza Bus Lines could expand service from Providence. to 
Boston as necessary to meet additional demand if commuter 

rail service were dropped. The replacement service in 

this corridor consists of 10 basic routes with some variations. 
Sixty-one buses would be needed for this service. 


2.8.3 Detailed Route Description 


This section describes the path that each bus route would 
follow plus the stations (underlined) that they would 
serve along their path for both Shore Line and Stoughton 
Branch. In addition a detailed schedule of each bus route 
is summarized in Table 2-9. The route descriptions 
follow: 


#1 Attleboro Station to South Station via Massachusetts 
Route 123, I-95, Route 128, the Massachusetts Turn- 
pike Extension, Kneeland Street and Atlantic Avenue. 


#1A Attleboro Station to Copley Square. Same routing as 
#1. 


#1B Attleboro Station to South Station, then via St. 
James Avenue to Copley Square. Same routing as #1, 
except entrance to Boston would be via the Southeast 
Expressway. 


#1C Attleboro Station to Copley Square, then South 
Station. Routing is similar to #1B, except that 
buses would use the Massachusetts Turnpike. 


#2 Mansfield Station to South Station via Massachusetts 
Routes 106 and 140, I-95, Route 128 and the Massachusetts 
Turnpike Extension. 


#2A Mansfield Station to Copley Square. Same routing 
as #2. 


#2B Mansfield Station to South Station, then Copley Sq. 
Same routing as #2, but approaching Boston via 
Southeast Expressway. 


#3 Sharon Station to South Station via Massachusetts 
Route 27, I-95, Route 128 and the Massachusetts Turn- 
Pike Extension. 


#3A 


#3B 


#4 


#4A 


#5 


#6 


#7A 


#9A 


#9B 


== Shere 


Sharon Station to Copley Square. Same routing as #3. 


Sharon Station to South Station, then Copley Square. 
Same routing as #3, except buses would enter Boston 
via Expressway. 


Mansfield Station to South Station via Massachusetts 
Routes L06 and 140, I-95 to exit 8, South Main Street, 
Depot Street, Sharon Station, Massachusetts Route 27, 
I-95, Route 128 and the Southeast Expressway. 


Manfield Station to South Station, then Copley Square. 
This route 1s the same as #4, except buses continue 
beyond South Station to Copley via Kneeland Street 
and St. James Avenue. 


Canton Junction Station to South Station via Beaumont, 
Spaulding, Chapman and Neponset Streets, I-95, Route 
128, and the Massachusetts Turnpike. 


Canton Junction Station to Copley Square. Routing is 
the same as #5, except for termination point. 


Canton Junction Station to South Station and Copley 
Square. The same routing as #5, except the buses 
would approach Boston via the Expressway. 


Canton Center Station to South Station via Washington 
and Sherman Streets to Canton Junction Station, then 
the same as Route #5. 


Canton Center Station to Copley Square. The same 
routing as #6, except for the termination point. 


Stoughton Station to South Station via Massachusetts 
Routes 139, 24, 128 and the Southeast Expressway. 


Stoughton Station to Copley Square via Routes 139, 24 
128 and the Massachusetts Turnpike. 


Stoughton Station to Copley Square via Massachusetts 
Route 27, Bay Street and Canton Center Station, then 
same as #6A to Copley Square. 


Route 128 Station to South Station via Access Road, 
Route 128 and the Massachusetts Turnpike. 


Route 128 Station to Copley Square with the same 
routing as #9. 


Route 128 Station to South Station to Copley Square. 
Same routing as #9, except buses would approach 
Boston via the Southeast Expressway. 


— 39 Ge 


#10 Readville Station to Forest Hills Station via Hyde 
. Park Avenue, with stops at Hyde Park Station and 


Mount Hope Station. 


#10A Hyde Park Station to Forest Hills Station via Hyde 
Park Avenue. 


South Station 


Sharon to 
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3.0 DIVISION OF COMMUTER BUS SERVICE BETWEEN 
THE MBTA AND PRIVATE CARRIERS 


3.1 LEGAL AND REGULATORY ISSUES 
3.1.1 Routes Inside the MBTA District 


Division of commuter rail replacement service between 
the MBTA and private carriers would be determined partly 
by MBTA management, but in some cases use of private 
Carriers would be required by the Chapter 161A of the 
Massachusetts General Laws, commonly known as the MBTA 
Act. Section (i) of the Act authorizes the MBTA to 
Operate service within its district without being subject 
ro regulation by the Department of Public Utilities 
(DPU). Section 5(k) of the Act states that “whenever 
the Authority desires to add new routes for service in 
any area, it shall give preference in the operation of 
such routes to the private carrier then serving such 
area, unless the Authority concludes that such carrier 
has not demonstrated an ability to render such service 
according to the standards of the Authority, that such 
service can be operated directly by the Authority at 
substantially lesser expense to the Authority and the 
public than if operated by such private carrier, or that 
for substantial and compelling reasons in the public 
interest operation by such private carrier is not 
feasible." 


The MBTA has higher unit operating costs than any pri- 
vate carrier in the district. Consequently, the only 
Situation in which MBTA could operate new service at 
lower expense than a private carrier would be one in 
which MBTA operation would require minor modification of 
existing service, but private carrier operation would 
require an entirely new route. It appears, then, that 
in any case where a private carrier were willing and 
able to operate a replacement route, this service would 
not be operated directly by the MBTA. 


Unless a private carrier already held operating rights 
for proposed replacement service, it would have to 
Obtain local licenses and an MBTA certificate for the 
service. The MBTA could attach certian stipulations to 
a certificate to ensure that the service met acceptable 
standards. Given the economics of mass transit service, 
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much of the proposed replacement service network would 
probably require operating subsidies, even if run by 
private carriers. Subsidy contracts would provide a 
mechanism for controlling the level of service run by 
private carriers. 


3.1.2 Routes Outside the MBTA District 


Section 3(j) of the MBTA Act permits the MBTA to 
"Operate mass transportation facilities and equipment, 
directly or under contract, in areas outside the area 
constituting the authority; but only pursuant to (i) an 
agreement with or purchase of a private mass transportation 
company, part of whose operations were, at the time the 
authority was established, within the area constituting 
the authority or (ii) an agreement with a transportation 
area or a municipality for service between the area of 
the authority and that of such transportation area or 
municipality, where no private company is otherwise 
providing such service." 


Because of high MBTA operating costs, areas outside the 
MBTA district would generally be able to contract with 
private carriers at lower cost. In some cases, however, 
the minimum cost option might be extension of MBTA 
routes from points within the district rather than oper- 
ation of entirely separate service to Boston. 


Existing commuter rial lines serve ten communities out- 
side the MBTA district: Rockport, Gloucester, Ipswich, 
Lowell, Billerica, Acton, Franklin, Mansfield, Attleboro 
and Stoughton. Decisions as to replace service for these 
communities would be made by thier local governments, or 
Regional Transit Authorities. The state has historically 
paid a major share of the cost of rail service subsidies 
for the outside communities, but it is unclear whether 
aid for replacement bus service would be provided. 


3.1.3 Legal Standing of School Bus and Charter Operators 


Within the MBTA district there are several bus companies 
that provide school bus or charter service but not fixed 
route service. It appears that Section 5(k) of the MBTA 
Act does not require the MBTA to consider such carriers 
when establishing new service, but some of them might 
prove to be qualified operators for replacement service. 
At least two present fixed route carriers, Ritchie Bus 
Lines and Wellesley Fells Bus Lines were originally 
school bus operators, and the Gray Line, Inc. was 
originally in the sight-seeing business. Carriers with- 
out fixed routes should, therefore, be considered as 
candidates for replacement service operation. 
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If the entire Boston commuter rail system were to be 

replaced, bus service capable of carrying all former 

rail riders going to or from Boston would require 

approximately 240 buses, excluding spares which are 
—~~17.6% of required buses. The number would vary depending 

on the ability of the operator or operators to pool 

vehicles on two or more routes. The MBTA is required 

by law to give priority to private carriers in establishing 

new bus routes, but it is not clear in all cases whether 

qualified private carriers would be interested in 

Operating rail replacement routes. Many private carriers 

have relatively small-scale operations and would be unable 

to service additional vehicles at their existing facilities. 


An examination of all proposed replacement routes shows 
that of 243 required vehicles 68 would most likely be 

run by the MBTA, 128 would most likely be run by private 
carriers, and 47 might be run by either the MBTA or by 
private carriers. Table 3-1 shows the breakdown of these 
vehicle assignments by route. 


3.3 Eastern Route 


Routes 7 and 8 - These two routes essentially consist of 
extra trips on existing North Shore MBTA routes, and as 
such the MBTA should be the operator. Eight buses are 
required. 


Routes 1, 2, 3, 9.and 1LOA -'Serve points outside of the 
MBTA district, and could be operated by the MBTA only if 
subsidies from outside communities were provided. Cape 
Ann Transportation Authority would probably be the source 
of funding for service outside the district. At the 
present time, local service in this area is provided by 
Action, Inc. Routes l, 2 and 3 would require five buses 
if run by a single operator. Unless the routes were 
profitable, a private carrier would need contracts from 
both the MBTA and outside sources. Route 4, serving 
Manchester, was intended to be peak period service, with 
route 2 providing midday trips. Therefore, these two 
routes would logically be operated by one carrier. 

Route 3A could be run independently of other routes and 
would require three buses. Michaud Bus Lines hold 
Operating rights in Gloucester, Manchester and Beverly, 
and would be a logical candidate to operate service on 
these routes. 


Bus Routes 


Eastern Route 
Reading Branch 


New Hampshire 
Division 


Fitchburg 
Framingham 
Needham 
Franklin 


Shore Line 


TOTAL 


Private 
Carrier 


=k 


L28-75 


* These figures do not include 


__MBTA 


68-115 


Total Number of 
Buses Required* 


ao 


18 
bis. 
18 
18 
24 
30 
61 


243 


the spare buses. 


PROBABLE DIVISION OF MBTA AND PRIVATE CARRIER BUSES 
FOR REPLACEMENT SERVICE 


TABLI 


Routes 9, 10 and 10A_ would be most efficiently operated 
as a unit, and would need 6 buses. Presently there is 

no fixed-route bus service in either Ipswich or Hamilton 
(areas served by these routes). Kinson Bus Lines of 
Newburyport operates express bus service from Newburyport 
to Boston by agreement with Boston Commuter Lines. One 
of these carriers might be interested in providing 
replacement service on these routes. 


Route 6 runs from North Shore Shopping Center to Baston. 
Even though this route does not directly serve any station, 
it was found that many riders who drive to Beverly 

Station would reach the shopping. Center in less time. 

Since Hudson Bus Lines already holds operating rights 

for this route, they could be the operator of extended 
service. Six buses would be needed for this route. 


Route 5. could be run by the MBTA, Michaud or Hudson, 
and would require eight buses. 


3-4 READING BRANCH 


The entire Reading Branch is located within the MBTA 
district. Presently there are no private carriers 
Operating fixed route service in the communities served. 
One company, Lynnfield Community, Inc., a subsidiary of 
Hudson Bus Lines, holds operating rights for local routes 
in Wakefield, but discontinued its last regular route 
about two years ago. Therefore the MBTA would be the 
likely candidate to operate replacement service. A 
total of 18 vehicles would be needed for this service. 


3.5 NEW HAMPSHIRE DIVISION 


Routes 1, 2, 3 and 4 would serve Lowell and Billerica, 
which are outside of the MBTA district. The most likely 
candidate to provide this service is Trombly Motor Coach, 
which currently operates Lowell-to-Boston express bus 
service. Another candidate is Vocell Bus Company, which 
provides local service between Lowell, Billerica and Woburn. 


Route 5 service couldsoperate separately from other 
routes and would require five buses. There are no private 
carriers presently providing fixed route service in 
Wilmington. Although the MBTA operates service from 
Reading to Wilmington, it has recently been reviewed for 
discontinuance. 


Routes 6, 7, 8, 9 and 10 would be express routes to 
Woburn and Winchester running to Boston. It is necessary 
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that the operation of these routes be intercoordinated 
and also coordinated with MBTA route 701. This makes 
the MBTA the most logical carrier. Fourteen buses would 
be needed for this service. 


In summary, commuter bus service for the New Hampshire 
Division would require 14 MBTA buses to meet schedules 
if Wilmington were served by a private carrier, and a 
total of 19 if served by the MBTA. The midday extension 
of existing MBTA Route 134W would require no additional 
vehicles. 


3.6 FITCHBURG ROUTE 


All communities served by the Fitchburg Route are within 
the MBTA district except for Acton, which contracts with 
the MBTA for service. 


Routes 1, 3 and 6 would serve S. Acton Station, and the 
latter two would serve stations in Concord as well. Service 
on these routes should be coordinated with Routes 2, 4, 
and 5. This could best be done if the same carrier 
Operated all siz routes. One candidate would be Englander 
Coach Lines, which operates express bus service from 
Greenfield and Fitchburg to Boston. Another possible 
operator is Maynard Bus Service. This carrier currently 
operates charter service only, but once provided local 
service in Maynard. The MBTA does not presently operate 
any bus service in Concord or Acton. The service on 

these six routes would require 11 buses. 


Routes 7 and 8 would most likely be operated by the 

MBTA. These routes serve Lincoln and Kendall Green 

(in Weston), and at present there are no private carriers 
serving Lincoln or Weston. Six buses would be needed. 


The MBTA already provides local service at Roberts, so 
it would be the most likely operator of Route 9. 
One bus wauld be needed for this service. 


In summary if the MBTA operated routes 7 and 8 plus the 
proposed additional service on Route 305, eight buses 
would be needed. If the MBTA operated all service for 
the Fitchburg corridor, 20 buses would be needed. 


3.7 FRAMINGHAM ROUTE 


This network would include six routes and would require 
18 buses, three on each route. At present, the Gray 
Line operates express bus service from Framingham to 
Boston, and Wellesley Fells Bus Lines operates limited- 
stop service from Framingham, Natick and Wellesley to 
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Boston. Although neither carrier has all of the necessary 
Operating rights for proposed replacement service routes, ——— —- 
both would be candidates for operation of replacement 
service at Framingham. 


Routes 1 through 5: Wellesley Fells would be a logical 
Operator for these routes serving Natick, Wellesley and 
Wellesley Hills stations. Wellesley Farms Station is 
further removed from existing private carrier routes 
than are the others, but could also be a He StS Lai Be tae 
operation. 


Route 6 would be the only route operated by MBTA on 

this line. The assumed routing would require three 
buses, which would be assigned to Cabot Garage. Another 
alternative would be expanded service on MBTA routes 305 
and 531. This would reduce bus running times from Auburndale 
and West Newton to South Station by ten minutes compared 
to a route serving all three Newton Stations, and would 
result in bus times faster than train times. Aurburndale 
riders would not be provided with a connection to Back 
Bay buses at Newton Corner under this option, but West 
Newton riders could use Route 531 for this purpose. 


3.8 NEEDHAM BRANCH 


Routes 1 through 5 - The MBTA plans to operate this re--- 
placement service. However, there. is one carrier 
Metropolitan Coach Service of Needham, which might be 
interested in operating replacement service for the 
Needham station(s?). Fifteen buses would be needed for 
this service. 


Routes 6 through 1l - For these routes serving Roslindale, 
Bellevue, Highland and West Roxbury Stations, replacement 
service would consist of increased peak frequency or 
short-turnbacks on existing MBTA routes in West Roxbury. 
Nine vehicles would be needed to operate this service. 


3.9 FRANKLIN BRANCH 


If all bus service for this corridor were run by a 
“Single operator, a total of 26 buses would be required. 
If the service were divided among several operators, 
more buses would likely be needed. 


For purposes of assigning operators, the bus routes 
should be divided into four groups, as follows. 


Routes 1, 1A and 1B —- These routes serve Franklin, which 
is outside the MBTA district. The routes would not 
serve any towns within the district, so it would be the 
responsibility of Franklin to arrange for replacement 
service. The proposed routes are similar to an express 
bus route from Milford to Boston via I-495 and Route 128 
operated by Brush Hill Transportation Co. for Plymouth 
and Brockton Street Railway Co. Either of these two 
Operators might be interested in extending service to 
franklin. If this service were operated separately, from 
other service, five buses would be needed to meet the 
designed schedules. 


Route 2 would serve Norfolk, which is in the MBTA district 
but not currently served by either MBTA or private carrier 
buses. The route could be run independent of other 
service and would require two vehicles. One likely 
operator might be Transit Bus Lines, Inc., of Walpole 
which formerly served Norfolk. 


Routes 3 through 9 would be most efficiently provided by 
a single carrier. At present, A.B.C., Inc. Operates a 
bus route from Providence to Boston via Walpole, Norwood 
and Westwood, but with restrictions on service to these 
towns. These restrictions were originally imposed to 
prevent competition with rail service, but if rail 
service were abandoned the restrictions could be removed. 
This would allow A.B.C., Inc. to operate expanded service 
either in place of, or in addition to the proposed re- 
placement routes. A major disadvantage of this option, 
however, is that A.B.C. buses are garaged in Providence. 


Transit Bus Lines, Inc., of Walpole formerly operated 
several local bus routes in the Franklin Branch Corridor, 
but the Company is now primarily a charter and school 
bus operator. This company would be a possible operator 
for replacement routes 3 through 9. Another potential 
operator would be sansone Motors, Inc. of Norwood. This 
company once operated several fixed routes in the Norwood 
area but is now in the charter and school bus business 
exclusively. If operated by a single carrier, routes 

3 through 9 would require 17 buses to meet the assumed 
schedule. 


Routes 10, 10A and 10B serve the portion of Dedham in the 
vicinity of Endicott Station, which is presently served 
by local bus routes operated by Hudson Bus Lines, Inc. 
These routes were run for a few years by the MBTA, but 
the town requested that the service be transferred to a 
private carrier in order to reduce operating cost. Given 
this history, it is probable that the town would also 
want rail replacement service to be operated by a private 
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Carrier rather than by the MBTA. Hudson Bus Lines would 
be a likely operator for this service. If these routes 
were operated separately from any other service, six 
buses would be required. 


In summary, it appears that all replacement service for 
the Franklin Branch might be provided by private —-—--— 
carriers. 


3.10 SHORE LINE 

| 
Section 2 describes ten basic routes and 15 variations, 
or a total of 25 routes, to provide commuter bus service 
On the Boston and Providence Main Line and Stoughton- 
Branch. If operated as a unified service, these routes 
would require a total of 61 buses. This is the largest 
number of buses required for replacement service in any 
One corridor. The large number of buses required is a. 
result of heavy ridership, long trips that prevent 
equipment recycling, and provision of service to both 
Back Bay and South Station. 


Routes 1, 1A,.1B and 1C would provide replacement 

service to Attleboro Station. Since Attleboro is outside 
of the MBTA district, it would be the responsibility of 
the City or its RTA to arrange for replacement service 
for rail. A total of eight buses would be needed to 
Operate the three proposed Attleboro replacement routes 
with the schedules assumed. 


Routes 2, 2A and 2B would serve Mansfield exclusively. 
Routes 4 and 4A would serve both Mansfield and Sharon. 
Mansfield is outside of the MBTA district, so responsibility 
for providing rail replacement service would fall on the 
town or its RTA. In the past, the town of Mansfield has 
been reluctant to provide subsidies to maintain rail 
service, so there is a strong possibility that if rail 
service were discontinued, there would be no replacement 
service. Sharon is within the MBTA district, but the 
portions of routes 4 and 4A in Mansfield could be 
eliminated if there was no subsidy from Mansfield. These 
would be off-peak routes, so it is unlikely that Mansfield 
would subsidize them and not subsidize routes 2, 2A and 
2B. Because of ridership losses, headways would probably 
be longer than those assumed, and this would reduce the 
number of buses needed. 


Routes 3, 3A and 3B would serve Sharon exclusively. 
Routes 4 and 4A would be off-peak variations of Route 3, 
and would extend to Mansfield if a subsidy from that 
town or its RTA were provided. At present there is no 
provate carrier bus service in Sharon, but Canton and 
Blue’ Hill Bus Line, a subsidiary of Hudson Bus Lines, 
operates a local route from Mattapan Station to the 
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Canton/Sharon boundary. Transit Bus Lines of Walpole 
formerly operated local bus service between Sharon and 
Walpole. Both of these carriers would be potential 
operators for rail replacement at Sharon. To meet the 
assumed schedules of routes 3, 3A, 3B, 4 and 4A, 
eleven buses would be needed. 


Routes 5, 5A and 5B would serve Canton Junction, and 
Routes 6 and 6A would serve Canton Center and Canton 
Junction. At present, Canton and Blue Hill Bus Lines 
Operates local service from Canton to Mattapan Station. 
This company would be a potential operator for rail 
replacement service for Canton. A total of 13 buses 
would be needed to operate the five replacement routes. 


Routes 7, 7A and 8 would provide replacement service 

to the Town of Stoughton. Route 8 would also serve 
Canton Center and Canton Junction. Since Stoughton is 
outside the MBTA district, it would be the responsibility 
of the town or of Brockton Area Transit to arrange for 
replacement service. At present, Bruch Hill Transportation 
Co. Operates a local bus route from Stoughton to Mattapan 
Station and BAT provides local bus service between 
Stoughton and Brockton. Either Brush Hill or the BAT 
contractors would be possible operators for Stoughton ~ 
rail replacement service. If Route 8 buses were to pick 
up passengers at Canton Center and Canton Junction, there 
would have to be a contract with either the MBTA or the 
Town of Canton. To meet the assumed schedules of Routes 
7, 7A and 8, a total of 9 buses would be needed. 


at Route 128 Station. Hudson Bus Lines operated buses 

from Route 128 to downtown Boston in 1977, but these 
attracted few riders. Rail service from Route 128 is 

much faster than bus service, but if the rail service 

were discontinued there would be no mass transit alternative 
to the bus. A total of five buses would be needed to 
operate Route 128 replacement buses on the assumed 
schedules. 


Route 10 and 10A would provide replacement service to 
the Readville, Mount Hope, and Hyde Park Stations. At 
present Readville and Hyde Park are served by MBTA 
Route 32 to Forest Hills. The MBTA would be the most 
likely operator of rail replacement service to the 
three stations. This service would essentially be a 
modification of Route 32. A total of three buses 
would be needed to meet the assumed schedules. These 
buses would be assinged to Arborway. 


| 
Routes 9, 9A and 9B would provide replacement service 
i 
i 
; 
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In summary, most replacement service for the Baston 

and Providence Main Line and Stoughton Branch could be 
Operated by private carriers. The MBTA would probably 
Operate replacement service to Readville, Hyde Park and 
Mount Hope. It is likely that 3 buses would be needed 
by the MBTA and 58 buses by private carriers. 
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4.0 PHYSICAL AND COST REQUIREMENTS OF COMMUTER BUS 


SUMMARY | 
As part of the analysis of the commuter bus alternative, 
this section provides a detailed description of the 
physical and cost requirements of Commuter Bus Service. 
Included are: 1) a summary of vehicles needed for this 
replacement, 2) a description of the bus carage capacity 
constraints and costs, 3) analysis of Downtown bus 
terminals with their costs, and finally, 4) the impact 
of analyzed bus services on traffic and circulation 

on the access highways and downtown streets. 


4.1 VEHICLES 


Complete replacement of commuter rail service by bus 
service would require 286 buses, including 17.6% spares. 
At the present cost of $80,000 per bus ($73,000 in 1977) 
these buses would cost $22.9 million. 


4.2 GARAGES 


4.2.1 Bus Garage Capacity 


In order to estimate the costs of vehicle dead-heading, 
buses for the replacement services were assigned to 
existing garages, and routes were scheduled accounting 
for pull-out and pull-in. The garages were selected so 
as to Minimize head-head mileage. This selection of 
garages was used to simplify calculations, even though 
complete implementation of commuter bus services as 
described above would require the expansion of existing 
garages or the construction of new ones. 


As of October 1976, the MBTA active bus fleet consisted 
of 1,016 vehicles. Of these about 85 percent were 
required to meet daily schedules, while the balance wer 
spares. In addition, there were 34 buses aut of service 
in storage. The proposed replacement service for 
commuter rail would require 222 buses to meet schedules. 
Allowing for spares, 262 buses would be needed. This 
represents an increase of 26 percent in the active bus 
fleet. At present, the MBTA's largest single bus main- 
tenance facility is Cabot Garage, where:205 buses are 
assigned. Buses for rail replacement service would most 
likely be divided among two or more new garages. 
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Table 4-1 shows the assumed distribution of commuter 
buses to existing garages and the number of buses 
currently assigned to these garages. The commuter 
bus figures include spares. 


Aw2ue Garage Costs 


Due to lack of capacity at existing garages, buses for 
replacement service would probably have to be maintained 
at new facilities. A single garage for 261 buses would 
probably cost between $10 million and $12 million at 
current price levels.* If separate garages for Northside 
and Southside service were built, the total cost would 
be somewhat higher because certain economies of scale 
would be lost. The number of buses assigned to each 
garage would be about equal. A 130-bus garage is 
relatively small by current transit industry standards, 
but is not unheard of. A cost of $15 million for two 
garages is probably reasonable. 


4.3 DOWNTOWN BUS TERMINALS 


In addition to the current bus terminals, other sites 
were studied and analyzed on both the North and South- 
Sides. On the Northside; Haymarket Square (currently 
used), Hanover St. site, Hanover Hill St. site and the 
North Station site were among the possible sites that 
were analyzed. On the Southside the terminal sites 
analyzed were South Station (currently in use), Copley 
Square @ St. James Street (currently in use), Copley 
Square @ Boylston Street, and Copley Square @ Buckingham 
St. site. Based on the street condition and the terminal 
costs for each of these alternatives; Hanover St. site 

on the Northside and South Station and Copley Square 

(@ St. James Street) site on the Southside were chosen 

as the best possible sites for new commuter bus terminals. 


Distribution of commuter buses to the existing garages 
is shown in Table 4-1. Following are detailed descriptions 
of all possible downtown commuter bus terminals. 


* The MBTA's new Charlestown Garage, which is to serve 
240 buses is currently under construction ata cost of 
$9.9 million, excluding land acquisition. 


Lynn 
Fellsway 


Arlington 
Heights 


Cabot 


Arborway 


TOTAL 


Commuter Bus 
Routes Assigned 


to Garages 
Eastern 


Reading, N.H. 


Fitchburg 
Framingham 
Needham, 


Franklin, 
Shore Line 


Number 
of Buses 


- Assigned* 


46 


60 


.24 
PAA 


1976 Percent 
Assign- Increase in 


ments Assignment 


91 513 
UES | 923 
48 503 
205 103 
183 74% 
Sg gui 483 


* These figures are the total number of buses assigned 
including the spares. 


DISTRIBUTION OF COMMUTER BUSES TO EXISTING GARAGES 


4.3.1 Northside 


In the analyzis it was assumed that most bus routes 
replacing Northside lines would terminate at Haymarket 
Square. A portion of replacement service for the Reading 
Branch would run to Oak Grove, and some replacement 
service for the New Hampshire Division would go to 
Wellington. Most of Fitchburg buses would terminate at 
the proposed Alewife Station on the extension of the Re 
Line, only two of Fitchburg bus routes would terminate 

in Boston. Most Southside replacement routes would 
terminate at South Station or Copley Square. Some replace- 
ment service for the Needham Line would run to Riverside. 
Replacement service for stations in Hyde Park on the main 
line would also run to Forest Hills. 


If the entire commuter rail system were replaced with the 
bus system developed in the analysis, the point of greatest 
congestion would be Haymarket Square. During the peak 
hour, 8:00 to 9:00 a.m., 47 buses would be scheduled to 
arrive at Haymarket. This is an average of one arrival 
every 77 seconds, but arrivals would not occur uniformly 
throughout the hour. For example, between 8:25 and 8:35 
the assumed schedule would have ll arrivals, or l every 
55 seconds. The existing Haymarket Square bus loading 
area is already operating at capacity during peak hours, 
and certain MBTA and private carrier routes have to 

make curbside stops outside the busway. 


Currently, 25 MBTA express buses and 23 local buses are 
scheduled to stop at the Haymarket Busway between 8:00 

and 9:00 a.m. The proposed replacement service would 
increase this volume over 100 percent. Therefore, a 

new or expanded Haymarket bus terminal would be required 
to serve Northside rail replacement routes. This terminal 
would probably need 10 to 15 berths to allow for lay- 

over of buses between runs. 


Three sites were examined as possible locations for a 
new Northside bus terminal: 


1) Hanover Street Lot 


This site, owned by the Boston Redevelopment Authority, 
is located a short distance to the south of the existing 
Haymarket bus terminal, bounded by Sudbury, Blackstone, 
Hanover and Congress Streets. There is a direct 
entrance to the Orange Line Haymarket Station on the 
west side of the lot. A quick sketch of the sites 
indicates that a run-through terminal with 15 to 20 
platform spaces could be provided there. A ground 

floor bus terminal could be compatible with construction 
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such as a parking garage on the site. The interior 
layout of a bus terminal and locations of entrances and 
exits would depend to a large extent on the final design 
of the depressed Central Artery. A bus terminal set up 
with access to and from existing streets might not be 


able to operate with the new street pattern. ~-It is also “Sree 


possible that the new street pattern would force re- 
location of the present Haymarket terminal, and in that 
case the Hanover Street lot would be the most likely 

new site. A two-level above ground terminal would be 
needed at this site to provide sufficient space for both 
existing and proposed bus routes. 


2) Haverhill Street Site 


Haverhill Street formerly ran from Causeway Street to 

North Washington Street. The location of one of the 

exit ramps from the Central Artery cut off the connection 
between Haverhill and North Washington Streets, making 

the portion of Haverhill Street south of Traverse Street 

a dead end. This dead end segment is now used as a private 
parking lot, but is still owned by the City of Boston. 

This lot is bounded to the east by a retaining wall for 

the Artery ramp and to the west by the abandoned ramp from 
the Washington Street subway to the old Charlestown elevated 
line. The land now occupied by this ramp could be 

regraded to the level of Haverhill Street. With this 
expansion, the site could be made into an express bus 
terminal with about ten berths. More capacity could be 
obtained by using portions of Haverhill Street north of 
Traverse Street for bus loading. 


With the present highway layout, buses using the Haverhill 
Street terminal would have to enter Boston via the 
Charlestown Bridge, and follow Causeway Street to Haver- 
hill Street. The intersection of Causeway and Haverhill 
Streets is very sharp, and may be infeasible for buses 

to turn through. Structures on both sides of Haverhill 
Street would prevent widening of the intersection. At 

the south end of the terminal, buses would use a new 

exit to Chardon Street, looping back on Canal Street to 
Causeway Street. 


The Haverhill Street site would be less convenient to 
rapid transit than the Hanover Street site, but is 

Still within acceptable distance. Passengers getting 
off buses at Haverhill Street would have to walk 

between 300 and 600 feet to Haymarket Station, depending 
on which berth the bus used. This is comparable to the 
walking distance from commuter rail to rapid transit at 


North Station. For most passengers walking directly to 
their final destinations, Haverhill Street would be less 
convenient than Hanover Street, but more convenient 

than North Station. 


3) North Station Site 


Between the North Station waiting room and the commuter 
train tracks there is a privately owned 250-car : 
parking lot. The tracks originally extended across, this 
lot to the station, and the MBTA plans eventially to 
re-extend the tracks. If rail service were discontinued. 
entirely, this lot could be used for a terminal for 
replacement buses. This site is larger than the Hanover 
Street lot, but is accessible from one side only, so 
more internal space would have to be used for roadways. 
It would probably be possible to provide between 20 and 
30 loading berths on the site. A connector from the 
Central Artery to Leverett Circle. runs just north of 
the parking lot. The proposed depressed Central 

Artery would also have a Leverett Circle connector in 
about the same location. If it is feasible to construct 
ramps from this connector to the parking lot, the site 
could have better access than either Hanover Street or 
Haverhill Street. Without these new ramps, buses would 
either have to approach the lot via Charlestown Bridge, 
Causeway Street and Nashua Street, or via the Artery, 
Lowell Street and Nashua Street. 


Based on passenger convenience and present accessibility, 
it appears that the Hanover Street lot is the most 
likely site for a new Northside commuter bus terminal. 


4.3.2 Southside 


On the Southside, 50 buses would arrive at South Station 
during the peak hour, or an average of one every 70 
seconds, and 29 buses would arrive in Copley Square, or 
one every 2 minutes. The heaviest ten minutes at South 
Station would be 8:10 to 8:20, when 25 buses, or 2.5 per 
minute, would be scheduled to arrive. Abandonment of 
commuter rail service to South Station would provide 
space for expansion of the South Station bus terminal, 
and this might be sufficient to accommodate the replace- 
ment service. 


Bus routes serving Copley Square now stop on Boylston 
Street next to the Boston Public Library, turning right 
on Dartmouth Street to return to the Massachusetts 
Turnpike. The optimal loading location for replacement 
routes from an operations standpoint would be the 


Square itself, along Dartmouth Street and St. James 
Avenue, but it is doubtful that there would be community 
acceptance of the use of the Square in this manner. The 
present routing improves time for passengers going to 

the Purdential Center compared to the proposed route, but 
is less convenient for those going to Copley Square. 


1) South Station 


The existing South Station busway is located off Atlantic 
Avenue on a site formerly occupied by railroad tracks. 
Excavation was required to bring the site to street level. 
The busway is designed for run<through operation, and 

has two platforms, each capable of accommodating 13 to 

14 buses. The main user of the busway is Plymouth & 
Brockton Street Railway Co. The Gray Line, Inc. and 
Greyhound also route some buses there. Ten berths are 
used for current P&B operations. When the busway was 
designed, the MBTA was planning to terminate its 
Massachusetts Turnpike buses there, but because of 
objections from riders the terminal was left at Chauncy 
Street. Because of this, the busway has considerable 
excess capacity. P&B uses the extra berths to store 
buses, but this could be done elsewhere. 


Commuter bus service would require peak capacity for 
about 25 buses. It would be necessary to add a third 
platform to accommodate this traffic. This would 
require elimination of at least two more railroad 
tracks, and more excavation. The tracks that would be 
eliminated are used only for commuter service, which 
would be replaced by the buses. Expansion of the 
busway in conjunction with commuter rail abandonment 
would not interfere with Amtrak operations. 


2) Copley Square Area 


All commuter trains on the Southside stop at Back Bay 
as well as South Station. In the analysis it was 
assumed that replacement service for Back Bay Station 
would be provided by a terminal in the Copley Square 
area. Location requirements for this station are 
complicated by the fact that some buses would approach 
from the Massachusetts Turnpike and terminate at Copley, 
some would approach from the Turnpike and continue to 
South S€ation, some would approach from South Station 
and terminate at Copley, and some would approach from 
South Station and continue to the Turnpike. Therefore, 
the site must have good access to and from the Turn- 
pike and to and from roads leading to South Station. 
The sites analyzed are discussed below. 


2a) St. James Avenue 


In this alternative, buses from the Turnpike terminating 
at Copley would take the Copley Square exit and follow 
Huntington Avenue: to Dartmouth Street. Turning left 

on Dartmouth, the buses would drop off passengers 
opposite the Boston Public Library. They would then 
loop on Boylston Street, Clarendon Street and St. James 
Avenue, and layover on St. James Avenue opposite the 
Copley Plaza Hotel. Buses running through to South 
Station via Back Bay would leave the Turnpike at Copley 
Square, follow Huntington Avenue to Dartmouth Street, 
and drop off passengers at the corner of Stuart and 
Dartmauth Streets. They would then proceed via Stuart 
Street toward South Station. Buses originating at 
South Station and serving Back Bay en route to the 
Turnpike would stop on St. James Avenue opposite the 
Copley Plaza, and then follow Huntington Avenue to 

the Turnpike. Buses serving both South Station and 
Back Bay and originating and terminating at Copley would 
approach Copley from South Station via St. James Avenue. 
They would lay over at St. James Avenue, then loop at 
Dartmouth, Boylston and Clarendon Streets to Stuart 
Street, returning to South Station via Stuart. 


With the schedule assumed in the analysis, layover 
capacity for a maximum of eight buses would be needed. 
In the St. James Avenue alternative, this would require 
reservation of a lane from Dartmouth Street to a point 
beside Trinity Church. Except for brief times during 
the peak hour, the line would be much shorter than the 
maximum. 


The curb lane on the north side of St. James Avenue 
west of Trinity Place is currently reserved for parking 
of sightseeing buses. There would be some conflict 
between rail replacement bus operation and sightseeing 
bus operation. However, replacement service would be 
heaviest in peak hours, while sightseeing operations 
would be most intense during midday. More information 
On actual use of the St. James Avenue terminal by 
sightseeing buses is needed in order to determine how 
serious the conflict would be. 


From Trinity Place to Dartmouth Street, St. James Avenue 
has five lanes. As noted above, the: northern curb lane 
is reserved for sightseeing buses. The southern curb 
lane, next to the Copley Plaza, is reserved for cabs. 

From Clarendon Street to Trinity Place there are only 
three lanes, and parking is not allowed on either 

side. Therefore there is no room for bus storage in this 
area. The five-lane section would accommodate about 

six buses, or two less than the peak capacity needed. 


2b) Boylston Street 


At present, the MBTA's Turnpike express buses to Back 
Bay lay over on Boylston Street next to the Boston Public 
Library. To reach this terminal, the buses take the 
Prudential exit from the Turnpike and follow Huntington 
Avenue, Belvedere, Dalton and Boylston Streets. This 
routing provides excellent access to the Prudential 
Center, but is circuitous for passengers going to Copley 
Square orxpoints east. To return to the Turnpike the 
buses turn right on Dartmouth Street to Huntington Avenue 
to the Turnpike entrance. Buses through-rauted to Sauth 
Station could either bypass the Boylston Street terminal, 
as in alternative (a), or they could stop at Boylston 
Street and then continue via Boylston, Clarendon and 
Stuart Streets to South Station. Outbound buses from 
South Station would either have to approach the Boylston 
Street terminal circuitously via the Prudential Center, 
or use a different terminal. It is less important that 
all buses discharge passengers at the same stop than 

that they all pick up at the same spot. As long as drop- 
off points are in the same general area, passengers can 
get to their destinations from wherever they. are dropped 
off. However it is confusing to passengers if buses 
going to the same destination don't all pick up at the 
Same points. Therefore, buses originating at South 
Station and also serving BAck Bay would probably have to 
use the circuitous route and stop at Boylston if the main 
Back Bay terminal were there. Buses terminating at 
Boylston but stopping first at South Station would approach 
the Boylston terminal via the Purdential Center. They 
would lay over next to the Library, then return to South 
Station. via Bolyston, Clarendon and Stuart Streets. 


As noted above, the Boylston Street site is already used 
by the MBTA's Turnpike express routes to Back Bay. With 
present schedules, capacity for two buses is needed. [In 
addition to the express buses, the Boylston Street stop 

is used by Route 55, Copley Square - Jersey and Queensbury 
Streets, and by Route 68 (East Concord Street to Copley 
Square). These routes require an additional two loading 
spaces. Route 39, the temporary replacement route for 
Arborway streetcar service, also stops on Boylston Street, 
and may require several spaces when vehicles become bunched. 
This route will be discontinued once there are sufficient 
streetcars available to run a full Arborway schedule. 
Adding replacement buses to the four permanent routes 
stopping on Boylston Street would result in a line of buses 
extending at times from Dartmouth Street to a point west 

of Exeter Street. 
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At present, the south curb lane on Boylston Street from 
Dartmouth Street about halfway to Exeter Street is 
reserved for bus stops at all times, but the two berths 
closest to Dartmouth Street are for sightseeing buses. 
This leaves space for only three or four MBTA buses. 

For the rest of the distance to Exeter Street, parking 

is banned from 7:00 - 9:30 a.m. This ban probably applies 
to buses as well as to other traffic. Conversion of this 
lane to peak bus stops would reduce peak capacity of 

this section of Boylston Street if the curb lane isi in 
fact used as a running lane. On Boylston Street west 

of Exeter Street, for a distance of about 300 feet most 
of the southern curb lane is reserved for cabs. 


Because of conditions noted above, it would probably be 
impossible to provide sufficient capacity for Back Bay 
rail replacement buses at the Boylston Street site. 


2c) Buckingham Street Site 


This site, located next to Back Bay Station, would 

be the most costly and least convenient of the three 
options. At present there is a 56-car parking lot located 
On a deck over the railroad tracks east of Back Bay 
Station. The dimensions of this lot are too small for 
needs of a run-through bus terminal. A dead-end terminal 
for eight to ten buses could be provided there. This is 
undesirable because all buses would have to back out, 

but nevertheless it may be worth further examination. 


If the deck over the railroad were extended from its 
present limit to Clarendon Street, a run-through 
terminal for 10 to 12 buses could be provided. In 
order to provide the maximum number of berths, the terminal 
would have to be designed for buses to enter at the east 
end and exit at the west end. Replacement buses serving 
both Back Bay and South Station and terminating at South 
Station would by-pass the Buckingham Street terminal 
eastbound, and would stop instead near the intersection 
of Stuart and Dartmouth Streets. Westbound buses would 
follow Kneeland Street to Park Square, then Columbus 
Avenue, Clarendon Street and Buckingham Street to the 
terminal. After leaving the terminal the buses would 
take Buckingham Street, Dartmouth Street and Huntington 
Avenue to the Turnpike. 


Buses serving both South Station and Back Bay and 
terminating at Back Bay would follow the route described 
above to the Buckingham terminal. They would then take 
Buckingham and Dartmouth Streets to Stuart Street, 
returning to South Station via Stuart. 
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For buses serving Back Bay only there would be two routing 
options. The first would be to take the Dartmouth Street 
exit from the Turnpike and follow Dartmouth Street, 
Columbus Avenue, Clarendon Street and Buckingham Street 
to the terminal. The second options would be to use the 
Copley Square exit ramp from the Turnpike and follow 
Huntington Avenue, Dartmouth Street, Columbus Avenue, 
Clarendon Street and Buckingham Street to the terminal. 
Although this option would be longer than the first, it 
would allow buses to stop near the intersection of | 
Huntington Avenue and Stuart Street, providing a more 
convenient drop-off point for most passengers. 


Regardless of the approach route, outbound buses 
originating at Buckingham Street would follow Buckingham 
Street, Dartmouth Street and Huntington Avenue to the 
Turnpike. 


Buckingham Street is a narrow, two-lane roadway, currently 
one-way westbound. Besides Back Bay Station and the 
adjacent parking lot, the only structure on Buckingham 
Street is a 400-car garage reserved for employees of the 
New England Merchants National Bank and the John Hancock 
Mutual Life Insurance Company. There are signs directing 
traffic through Buckingham Street as an access road from 
Columbus Avenue to the Massachusetts Turnpike. Because 

of the garage and Turnpike access provided by Buckingham 
Street, it would not be feasible to convert it to an 
exclusive busway. Traffic counts on the street would be 
needed to determine whether construction of a bus terminal 
would produce serious traffic congestion. 


4.3.3 Terminal Costs 


There is a range of terminal possibilities which makes 
it difficult to estimate bus terminal costs. 


The proposed commuter bus service would require about 22 
berths at South Station. There is already some excess 
Capacity at this terminal so that one additional roadway 
and platform would be sufficient. If the new facilities 
were Similar to those already there, the cost would be 
$150,000 to $200,000. The platform width at this terminal 
does not provide enough space for shelters, but a roof 
could be added to the platform at some additional cost. 


At Copley Square the most probable plan, use of the 
northern curb lane on St. James Avenue, would involve no 
capital expense unless shelters were constructed. The 
Buckingham Street alternative would involve construction 
of approximately 12,000 square feet of new deck over 
railroad tracks east of Back Bay Station. If the 


existing deck proves to be unacceptable to busway service, 
an additional 13,000 square feet of new deck would be 
needed. The cost of a deck alone would be about $500 per 
square foot, so a 12,000 square-foot deck would cost 
about $6 million, and a 13,000 square-foot deck would 
cost about $6.5 million;+ ora total-or Si2vSempiicn. 
Platforms and shelters on the deck would probably add 

at least $200,000 to this cost. 


On the Northside, the least expensive terminal would be 

the Hanover Street lot. If this site were used for a 
ground level busway only, similar to the South Station 
busway, the capital cost would be about $300,000, excluding 
Shelters. The cost of simple shelters, installed, ranges 
from $3,000 to $10,000, depending on dimensions. A 
terminal on this exposed site would require at least 
$50,000 worth of shelters bringing the total to $350,000. 


At the North Station site, construction cost of a bus 
terminal alone would be similar to cost at Hanover 
Street. However, construction of special ramps to the 
Central Artery would significantly increase the expense. 
In order to provide acceptable grades, the ramps would 
have to be at least 800 feet long. This would result in 
a cost of roughly $20 million for an on-ramp and an 
off-ramp. 


4.4 IMPACT ON TRAFFIC AND CIRCULATION 


The commuter bus servides designed as replacements for 
commuter rail would operate on the existing streets and 
highways of the Commonwealth. Therefore, this service 
has a direct effect on traffic flow on these roads. The 
greatest impact is felt in downtown Boston and on the 
approach highways to downtown. 


4.4.1 Access Highways 
I-93, Central Artery 


Replacement services for the entire Eastern Route and the 
New Hampshire Division plus Reading Station on the 
Reading Branch would result in a peak-hour increase of 45 
buses using the Central Artery. The current peak hour 
inbound traffic volume on this route is 4,600 vehicles, 
which is below theoretical capacity. However, the narrow 
merge/weave section on the high bridge over the Charles 
River is already a severe constraint to traffic flow due 
to the short length of that section. This problem should 
be partially remedied by the reconstruction of the “North 
Terminal" section of the Central Artery. In addition, 
since most of this bus service would come over the Mystic 
River Bridge, it would not be a part of the traffic that 
undergoes that weave. 
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The additional bus volume from replacement service should 
not increase congestion significantly on the Artery, the 
Mystic River Bridge or I-93. In addition, drivers on 
existing MBTA bus routes operating over the Mystic Bridge 
have the option of exiting in Charlestown and entering 
downtown Boston via the Charlestown Bridge when 
congestion is heavy. Replacement buses for the Eastern 
Route, totalling 22 in the peak hour, would also have 
this option. The Charlestown Bridge carries about 1,800 


inbound vehicles in the peak hour. ) 


Massachusetts Turnpike and Extension 


Bus service for the Fitchburg Route was designed assuming 
the completion of the Red Line extension. Most of the 
Fitchburg replacement service would terminate at.ithe 
Alewife Station. Only buses serving the Kendall Green 
Station would continue to run to Post Office Square via 
the Massachusetts Turnpike Extension. 


The majority of buses (67) serving the. Southside would 
approach Boston via the Massachusetts Turnpike Extension 
rather than the Southeast Expressway (4 buses) due to 
the congestion on the latter route. . Since the Turnpike 
normally operates well below capacity, 67 new peak hour 
bus trips should cause no problem. 


4.4.2 Downtown Streets 


Proposed replacement buses operate to the vicinity of 
Haymarket, South Station and Copley Square. They travel 
to these destinations primarily over New Chardon, New 
Congress, New Sudbury and Federal Streets to the 
Haymarket bus terminal; Kneeland Street and Atlantic 
Avenue to Sauth Station; and Dartmouth and Boylston 
Streets to Copley Square. Routings and streets affected 
depend on the location of the terminal site chosen for 
each service. There are three possible sites near Hay- 
market, one at South Station and three at Copley Square. 


The most likely site near Haymarket is a vacant lot on 
Hanover Street, with overflow along New Congress Street. 
At the present time there is very little peak period 
congestion on the streets required to access this site. 
Buses would turn right onto New Chardon from the Central 
Artery ramp, left onto New Congress, left onto New 
Sudbury, weave across three lanes of traffic and then turn 
into the lot. It might be worthwhile to change the 

street pattern so that the routing into this lot would 

be simplified. As it presently operates, the left onto 
New Congress and the weave across New Sudbury are potential 
sources of congestion. The peak ten minutes would have 
fifteen buses making this movement. 
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After Alewife Station on the Red Line opens, most 
commuter bus service for the Fitchburg Branch would 
access that station, with only a few trips to Copley 
Square or downtown. The Alewife Station is being 
designed to accommodate feeder buses, so there should be 
little or no trouble caused by Fitchburg Line commuter 
bus service. 


Service to the South Station area that arrives along the 
Massachusetts Turnpike would cause or encounter no local 
street congestion, since the Turnpike's ramp is almost 
at South Station. Buses would only be on Kneeland 
Street.and Atlantic Avenue for a short distance. However, 
those peak hour buses which would serve both South 
Station and Copley Square might affect Stuart-Eliot 
Street, Park Square and St. James Avenue. Efforts must 
be made to alleviate the impact of these buses. A 
rebuilt Park Square, which is part of the Park Plaza 
project, could be designed to alleviate one congestion 
point, while a traffic signal at Arlington Street would 
relieve the problems encountered there. 


In the Copley Square area, buses could terminate at two 
on-street sites - St. James Avenue, across from the Copley 
Plaza Hotel, and on Boylston Street in front of the 
Public Library. In traveling to the St. James Avenue 
site, the one potential cause of congestion is the left 
turn onto Dartmouth Street from the Massachusetts Turn- 
Pike exit ramp. This can be relieved by some simple 
traffic engineering. Another potential problem is the 
right turn from Boylston Street to Clarendon Street. 
This would be a problem only if cars parked too close to 
the intersection on either of the two streets. Only 16 
buses will make this movement during the peak hour. 


Access to the Boylston Street site would be by way of 
Huntington Avenue, Belvedere and Dalton Streets. Potential 
causes of conflict are with auto traffic entering the 
Purdential Garage whether from Huntington Avenue or from 
Boylston. However, only 23 buses would follow this path 
during the peak hour. 
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